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INTRODUCTION 


This report is the fourth of a series of annual summaries of research 


ee work on coal by the Technologic Branch of the Bureau of 
OCS¢ . 


The coal research program of the Bureau has been broadened and made 
tore flexible to adapt it to changing conditions and. needs of the coal 
~-Iuustry, and as a result information as to tne proverties and composi~ | 
‘ion of coal has been increased and new and improved practices in mining, 
Freparation, and utilization of coal have been devised, The present 
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report is a symonsis of the papers published and of ethos work in progress 
during the fiscal year ended. June 30, 1939. 
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The personnel of a number of coal companies gave valuable advice and 
assistance in connection with various studies and investigations, 


PROPERTIES AND COMPOSITION OF AMERICAN COALS 


Progressive improvement and development of methods for determining 
tne chemical and pnysical properties of American coals have made available 
suc. valuable information for tneir more economical preparation and for 
predicting their suitability for various present and purposed uses, 


Some of the outstanding recent achievements in coal research and 
comme lors. OF the Bureau of Mines staff and others have been summarized 
driefly,t/ Certain standard specifications for and methods of testing 
coal and its products are admittedly ompirical, but it is not to be ex- 
rected that all of them can or should be free of empirical conditions, 
correct interpretation and application of these measures of coal proper-~ 
ties to what they may be expected to predict are more important than are 
vse properties themselves in achieving the desired coordination of knowl- 
eige on coal among coal investigators and laymen, 


v Fieldner, A. C., and Rice, W. E., Progress in Coal, Research and Tech~ 
nology: Min. Cong. Jour., vol. 25, February 1939, pope 33-40. 

5/ Nicholls, P., Discussion of "Recent Developments in Coal Research" by 
H, EH. Lowry: Proc, 2d Ann, Coal Conf., West Virginia Univ., Tech. 
Bull, 13, February 1939, ppe 81-82, 
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Inspection, Sampling, and Analysis 


During the fiscal year there was an increased demand from district 
boards established under the National Bituminous Coal Act, the National 
Bituminous Coal Commission, Government agencics, and prospective bidders 
on Government coal contracts for inspection, sampling, and analysis of 
coal vroduced at many individual mines, 


One new coal~sampling truck was put into service early in the year. 
This and two other trucks were kept in field service virtually the entire 
year, Coal was inspected at 14 anthracite breakers, and 99 samples of 
anthracite were collected in the Pennsylvania anthracite field in connec— 
tion with awarding contracts for purchases of anthracite required by var- 
ious departments of the Government. Bituminous—coal inspection and the 
collection of samples for use of the Government in making coal purchases 
and for general information required 943 tipple. 13 grindability, and 28 
experimental-moisture samples, as follows: 467 tipple and 13 grindability 
samples at 112 mines in Illinois; 46 tipple samples at 9 mines in Indiana; 
{2 tipple and 2% expcrimental=-moisture samples at 25 mines in Ohio; 289 
tipple samples at 77 mines in castern Kentucky; 22 samples at le mines 
in Pennsylvania; 39 samples at § mines in Virginia; and § samples at 2 
mines in West Virginia, In cooperation with the Bituminous Coal Producers 
Board for District No. 2, 58 tipple samples were collected at 13 mines in 
western Pennsylvania, and with the Board for District Noe 9, a total of 
262 tipple samples at 72 mines and 40 face samples at 10 mines in western 
Kentucky, At the request of the National Bituminous Coal Commission, - 
tipple samples were collected at 15 mines in District No, 6 (Panhandle 
West Virginia, and 7 samples at 1 mine in Ohio. In connection with the 
surveys of carbonizing and hydrogenation properties of American coals, 5 
face samples, 1 carbonization sample, and 1 sample for microscopic exami- 
nation were collected at 1 mine in Virginia: 14 face, 3 carbonization, 3 
samples for microscopic examination, and 1 hydrogenation sample at 3 mines 
in West Virginia; and 7 face, 1 carbonization, 1 sammle for microscopic 
examination, and ] hydrogenation sample at 1 mine in Pennsylvania, 


Anthracite and bituminous-coal field work thus collected 1,401 tipple 
samples at 360 mines, 66 face samoles at 15 mines, 13 erindability and 
eg experimental-moisture samples at mines included in tne above summary, 
and 5 carbonization samples, 5 samples for microscopic examination, and 
2 samples for hydrogenation tests at 5 mines, These represent an increase 
of more than 100 percent in the number of mifies sampled and number of 
samples collected compared with the previous year,’ 


The Northwest (Seattle, Wash.) Experiment Station and the Oregon 
Department of Geology and Mineral Industries are investigating the physical 
and chemical pronerties of the coals of Oregon. The program includes the 
collection of samples for cnemical analysis, low-tempercture carbonization 
assay and determination of agzlutinating value, and slacking and friability 
indexes of all of the coals now being mined in the State and of accessible 
deposits not active at present. 
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During the year, 83 mine samnles were taken at 41 mines and prospects 

md 50 samvles of delivered coal were collected at 23 mine tipples in the 
State of Washington, The standard samples have been analyzed to bring up 
ts date the information in Technical Paver 491, Anelyses of Washington 
Coals 


During the year 10, 097 individual samples of coal, coke, and related 
rroducts were analyzed in the coal~analysis laboratory. Of these, 6,283 
were analyzed in connection with fuel-inspection service for perenaeoe of 
coal by 26 Federal agencies and 1,085 for 6 State institutions; 2,541 re- 
lated to the research program of tae Bureau; and 188 were samoles submitted 
ty 7 other United States agencies for checking purposes, The testing pro- 
gran represented an increase of 16,3 percent over the preceding year. Each 


samnle received an average of 12.5 determinations, making approximately 
125,200 determinations for the year. 


In addition to the analyses made in the coal~analysis labdoratory, 
755 samoles of coal, coal ashes, coal-ash slags and clinkers, fuel-saving 
conzounds, dusts for rock-dusting coal mines, boiler~water ccmpounds, 
boiler scales, boilcr waters, and products of coal hydrogenation were 
analyzed for special purposes by the miscellaneous analysis section, 


Coal—analysis service, esoecially information on average analyses of 
coals from given mines for use in connection with awarding and enforcing 
coal contracts for furnishing coals to various Federal and State institu- 
tions, recommendations on prover sampvling methods, and advice on changes 
in specifications for tre purchase of coal and on tne kinds of coal re- 


qiired for certain types of plants was given to many Federal and State 
azoncies and to the general public, 


Tables of typical coal analyses have boon compiled for use of the 
Office of tne Consumers Counsel, 


The revision of Technical Paper 76, issued in 1938 as Technical 
Parner 586, Notes on the Sampling and Analysis of Coal, has been aT 
4 ae ae edition of Technical Paper 8, Methods of Analyzing Coal and 
Ze ‘ 


5/, and Technical Paper 590, Analyses of Pennsylvania Bituminous Coals, 
vere issue 


c/ nice, W. E., and Moran, H. E., Explanation and Method of Compiling of 
the Tables of Typical Coal Analyses: Pamphlet by Office of the Con- 
sumers Counsel, 1940, | 

L/ Fieldner, 4, C., and Selvig, W. A., Notes on the Sampling and Analysis 
of Coal: .Fuel,. vol. 18, January-April 1939, ppe 4~13, 50-63, 68~77, 
110115, | | 

é/ Stanton, F, M., Fieldner, A. C., and Selvig, We. A., Methods of Analyzing | 
Coal and Coke: Bureau of Mines Tech, Paper 8, (rev.), 1939, 59 pp. 

Qf Accley, G. H., Toenges, A. L., Anderson, R. Dea Rice, W. E., Stull, C. M., 
Scyder, N. H., Swingle, R. J., Cooper, H. M., and Abernethy, R. r., 

Analyses of Pennsylvania Bituminous Coals: Bureau of Mines Tech. Paper 
peer 1939, 503 Pde 
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The relationships between heating value, volatile matter, and ash on- 
tent for 1,008 samples of anthracite have been presented mach cally 10) 
Oxidation with air at high temperatures shows that heating value, volatile 
motter, and amount of oxygen consumed change directly with the extent of 
oxidation, irrespective of the quality of coal. The deviations with temper 
ture up to 300° C, or less enable the relations to be detected quickly and 
positively by means of graphs, 


° 


: Because of the continuing value of information on the spontaneous com 
bustion of coal, Technical Paper 311, Factors in the Spontaneous Combustion 
of Coal, has been reissued, il 


Special Physical Testing 


Sanpling 


Principles governing the sampling of coal for ash content and for size 
consist have been determined, Matnematical derivations necessary for the 
establishment of rigorous sam»ling formulas and their practical applica- 
tions in drafting coherent sampling specifications will be presented in a 
future publication, Statistical size constants of subdivided materials, w: 
specific application to blasted and pulverized coal, have been determined,: 


Abrasiveness 


An important item in the cost of grinding coal for use as pulverized 
fuel is that of maintaining the grinding mill, caused by the abrasive wear 
of its parts by the coal, A method for estimating the abrasiveness of coa 
has been developed in preliminary form at the Northwest (Seattle, Wash.) 
Experiment Station. A test disk studded with projections is revolved at 
constant thrust or bearing pressure against the coal sample confined in a 
cylindrical steel mortar. A steel ring encircles the test piece and clam 
it horizontally to the base of a vertical shaft, thus providing a suitable 
mounting for the test piece, protecting it from metallic contact with the 
mortar, and definitely limiting its exposed surface, The loss in weight o 
the test piece after a definite number of revolutions at constant pressure 
against the coal sample is the measure of the abrasiveness of the coal. 
The relative abrasiveness of various coal samples was found to vary consid 
erably, depending essentially on the nature and amount of the extraneous 


107 Scott, G. S., Jones, G. W., and Cooper, H. M., Effect of Oxidation of 


Anthracite on Its Heating Value: Ind. and Eng. Chem., vol. 31, 1939, 
PPe 1025-1027. . 

11/ Hood, 0. P., Spontaneous Combustion of Coal: Bureau of Mines Inf. Ci: 
7074, 1939, 5 pp. 

12/ Roller, P. S., Statistical Size Constants of'Subdivided Materials, 
With Specific Application to Blasted and Pulvorized Coal3 Lecture at 
5Olst meeting of American Chemical Society of Washington, May 12, 193: 
Washington, D. C. 
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of the various samples examined were found to be relatively low in abras~ 
iveness, whereas the impuritics of these same samples had an extreme 
abrasiveness that varied in degree with tne nature of the matcrials. 


Relation Between Physical and Chemical Propertics 


The relationships between friability, grindability, chemical analysis, 
ard high— and low-temperature carbonization assays of Alabama coals have 
been pointed out.24/ The friability, slacking characteristics, low-tempera- 
ture carbonization assays, and proximate and ultimate analyses of typical 
subbituminous coals from 14 mines in the Denver (Colo.) region have been 
determined2+/ The 14 mines sampled are described briefly. 


izpurities present, The pure—coal (float 1.35 specific gravity) portions 


Classification 


The Bureau cooperated with the American Society for Testing Materials 
and the American Standards Association. {yn developing récently adopted 
standards for classification of.coals, . 7 


A&A revisio 16/ of Report of Investigations 3296, Classification Chart 
of Typical Coals of the United States presents the latest (1938) American 
Society for Testing Materials Standard Specifications for Classification 
of Coals by Rank (D 388-38; A.S.A, M20.1~-1938), with charts showing British 
thermal units per pound on the moist, mineral-matter~free basis plotted 
against percentage of fixed carbon on the dry, mineral-matter—free basis, 
Inclu@ed also are tables listing the source and rank of 316 typical coals 
of the United States and the proximate and ultimate analyses and heating 
values of 51 of these 316 coals not published previously. The higher~rank 
coals are classified according to fixed carbon on the dry, mineral-matter—free 
basis, and the lower—rank coals according to British thermal units on the 


Hertzog, E, S., Cudworth, J. R., Sclvig, W. A., and Ode, W. H., Fria-~ 
bility, Grindedility, Chomical Analysos, and. High= ond LowTonperature 
Cardonisation Assays of Alabama Coals: Bureau of Mines Tech, Paper 
611. -In presse | | ae - 7 

14/ Parry, V. F., and Goodman, J. B., Friability,; Slacking Characteristics, 
and Low-Temperature Carbonization Assays of Subbituminous Coals of 
the Denver (Colo.) Region: Bureau of Mines Rept. éf Investigations 
3457, 1939, 12 pps. i 7 te 
Parry, V. F., and Goodman, J. B., Suoddituminous Coal of the Denver 
(Colo.) Region. Friaoility—~Slackening (Slacking) Characteristics—_ 
Low a Carbonization Assays: Mines Mag., vole 29, July 1939, 
PPe 309-374. . | 

15/ American Society for Testing Materials, Report of Sectional Committee 
on Classification of Coals A.S.A, Project M20: Proc., vole 38, pt. l, 
1938, pp. 412-413, | j F 

1] Fieldner, A, C,, Selvig, W. 4., and Fredcric, W. He, Classification 

Chart of Typical Coals of the United States: Burcau of Mines Rept. 

of Investigations 3296R, 1939, 22 pp. 
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moist, mineral-matter-free basis, that is, containing their natural bed 
moisture but free of visible surface moisture. Agzlomerating and weather- 
ing indexes are used to differentiate between certain adjacent groups. 


Application of the Bureau of Mines agzglomerating index of coals to 
coal classification and correlation with fuel~bed observations of the 
caking action of coals in various types of coal-burning equipment have 
indicated in a broad sense the practical value of this index, 


origin and Petrographic Composition 


Complete columnar se -tions from top to bottom of the Pittsburgh, ‘ag/ 
High Splint, 19) Sewell ,29/ and Pocahontas No. 3 and No. 4 bedsed/ were ex- 
amined macroscopically, and thin sections prepared from these columns were 
studied microscopically as part of the survey of the gas-, coke=, and by- 
product-meking properties of American coals, Eight other colwms from 
miscellaneous coals were sectioned and examined, These incluied the Stock- 
ton-Lewiston, Monarch, and Pittsburgh beds (Apex mine) and five cannel 
coals. 


Barkley, J. F., and Burdick, L. R., The Agglomerating Index of Coal: | 

Bureau of Mines Rept. of Investigations 3424. November 1938, 8 pre} 
Proc. 24th Fuel Eng. Conf., Appalachian Coals, Inc., Kalamazoo, Mich., 
December 13, 1938, 8 ppe . 

18/ Fieldner, A. C., Davis, J. D., Brewer, R. B., Selvig, We Ae, Reynolds, 
D, A., and Sprunk, G. C,, Carbonizing Properties and Petrographic 
Composition ef Pittsburgh Bed Coal from Bureau of Mines Experimental 

- Mine, Bruceton, ‘Allegheny County, Pa.3 Bureau of Mines Tech, Paper 
594, 1939, 43 pp. | | 

19/ Fieldner, A, C., Davis, J. D., Reynolds, D. A,, Selvig, W. A., Sprunk, 
G, C., and Auvil, H. S., Carbonizing Propertics and Petrographic 
Composition of ‘High Splint Bed Coal from Closplint Mine, Closplint, 
Harlan County, Ky.: Bureau of Mines Tech, Paper 599, 1939, 38 vp. 

20/ Fieldner, A, C., Davis, J. D., Selvig, W. A., Brewer, R. BE. Holmes, 
C. R,, Reynolds, D, ae and Sprunk, G, C., Carbonizing Propertics 
and Petrographic Composition of Sewell Bed Coal from Wyoming Mine, 
Wyoming County, W. Va., and the Effect of Blending This Coal with 
Alma Bod Coal: Bureau of Mines Toch. Papor 601, 1939, 45 pp. - 

21/ Fieldner, A, C,, Davis, J. D., Reynolds, D. A,, Schmidt, L. D., 

Brewer, R, E., Sprunk, G. C., and Holmes, C. R., Carbonizing Prop- 

ortics. and Petrographic Composition of Pocahontas No, 3 Bed Coal 

from Buckeye No. 3 Minc, Wyoming County, W. Va., and of Pocahontas 

No. 4 Bed Coal from No, 4 Mine, Raleigh County, W. Va.% Bureau of 

Mines Tech, Paper 604, In press. 
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Figure |.— Coat constituents that are easily liquefied in the small-scale hydrogenation tests 


Original from 


THE OHIO STATE UNIVERSITY 
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A bulletin22/ prepared in cooperation with the Pemsylvania State 
College describes the results of both ncncatalytic and catalytic (2 percent 
added stannous sulfide) hydrogenation of petrographic constituents of _ 
Pittsburgh—bed ER 5 coal. The samples ranged from a “pure” 
anthraxylon to a splint fraction of 30 percent opaque—attritus content. 
Evdrogenation was carried out in both cases with pressures of the order 
of 2,000 pounds per square inch and a range of temperature in the vicinity 
of 450° C, Provision was made for removing light oil and water from the hot 
hydrogenation residues, thus more nearly approaching the methods employed 
in continuaus-type hydrogenation than does the usual batch—type procedure, 
This modification resulted in incomplete conversion of the fusain-free 
organic matter to liquid products in the noncatalytic hydrogenation tests. 
The material precipitated during hydrogenation showed solubility properties 
and amounts present that lead to the belief that it originated from the _ 
resinous material of the coal. Catalytic hydrogenation, on the other hand, 
resulted in complete conversion of the fusain~free organic matter in tests 
on ®pure"™ anthraxylon and improved conversions on other samples, A straight- 
line relationship was found between the percentage of residue from cata- 
lytic hydrogenation and the percentage of opague attritus in the original 
sample, The "precipitated" material observed in noncatalytic hydrogenation 
was almost completely converted by catalytic hydrogenation, Higher hydro- 
genation temperatures for noncatalytic experiments increased conversion © 
appreciably only for those samples that produced appreciable amounts of 
precipitated materials; only slight increases resulted for catalytic experi- 
nents, indicating the extreme resistance of certain portions of the coal 
hydrogenation. Greater yields of lower-boiling oils and smaller yields 
of gas resulted from the catalytic than from the noncatalytic treatment, 
Amethod for direct determination of watcr in the hydrogenation products 
wes described; the data indicated that about two-thirds of the oxygen in 

he coal appeared as water, Hydrogen absorption was greater for the cata- 
lytic than for the noncatalytic experiments and occurred in liquid fractions, 
Petrographic properties of the original samples and of the residues from 

beth catalytic and noncatalytic treatment are described, 


Eighty-three samoles of pure constituents and types of coal were 
isolated and studied microscopically in connection with tests of their 
relative amenability to hydrogenation in the Bureau of Mines laboratory at 
Pittsburgh, Pa, 


Small-scale hydrogenation tests indicated that, with respect to 
liquefaction yields, the coal constituents may be classed conveniently into 
two groups. The first group, of easily liqucfiable constituents, includes 
enthraxylon and all the organic portion of translucent attritus, Figure l 
shows the typical appearance of such constituents at various magnifications 
under the microscope, 


22) Wright, C, C., and Sprunk, G,. C., Hydrogenation of the Petrographic 


Constituents of Pittsburgh Seam Coal: Pemsylvania State Coll, Min. 
Ind. Exp. Sta, Bull. 26, 1939, 32 pp. 
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The second group of constituents is more difficult to licuefy and 
includes opaque attritus and fusain. Opaque attritus forms the ground 
mass of splint coals, It is not a homogeneous material, In medium-thin 
sections it is opaque, and in extremely thin sections a portion of it is 
semitranslucent and brown, Other fragments can be found in various de- 
grees of translucency; and some, even in the thinnest sections, appear 
to rival fusain in opacity. Figure 2 illustrates the physical appearance 
of tnese constituents at the magnifications indicated. 


Small-scele hydrogenation tests show that American splint coals are 
less suitable for hydrogenatior than bright coals, and that the opaque 
attritus is the principal constituent, other than fusain, responsible 
for the low liquefaction yields obtained with some coals of low and inter- 
mediate bituminous rank, Considerable range in the "degree of opacity" 
explains the variation in yield from different splint coals, <All of the 
hydrogenation residues from splint coals have a similar appearance under 
the microscope. The individual particles usually are less than 5 microns 
in diameter, although they may be grouped in larger masses, Figure 3 
. shows that they are smaller and more rounded than the sharply angular 
particles of hydrogenation residue from fusain. 


More than 450 thin sections of western low-rank coals were prepared. 
All of the coals are more or less resinous, many have less than 1 percent 
fusain, and a number are exceptionally low in opaque attritus. 


Further correlations between coal petrography and coal hydrogenation 
are described in the-section "Hydrogenation of Coal", 


Resins from a. British Columbia and a Utah coal were separated by 
flotation and analyzed, Fischer low-temperature assays were made for 
yields of carbonization products, The carbonized residues are low, as 
would be expected from the low fixed=carbon content of the resins, The 
gas from the British.Columbia resin contains more carbon dioxide and carbon 
monoxide than that from the Utah resin, probably owing to its higher oxygen 
content. The yieids of tar for the British Columbia and Utah resins are 
194 and 178 gallons per ton (dry basis), respectively, compared with 86 
gallons per ton (dry basis) from pure spores separated from a Michigan coal 


Fischer low-temperature carbonization assays and agelutinating~value 
tests were made on layer samples isolated from columnar sections of 
Pocahontas No. 3 and: Stockton-Lewiston coal beds of West Virginia and of 
Lower Banner—bed coal of Virginia, The splint-coal layers from the West 
Virginia coals yield considerably less gas on carbonization, and their 
agglutinating values. are lower than those of the bright-coal layers from 
these coals, The differences are more pronounced than those observed in 
tests on coals from other beds, Petrographic examination of the column 
sample from Lower Banner bed of Virginia shows that considerable woody | 
cannel coal is present. The cannel coal gives a lower agglutinating value 
and less swelling in the Fischer assay than the rest of the column sample; 
the yields of carbonization products are similar, 
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Figure 2.— Coal constituents that are difficult 
to liquefy in small-scale hydrogenation tests: 
A, Opaque attritus (200 X mag.); B, brown 
matter in exceedingly thin section (1,000 X 
mag.); C, fusain (150 X mag.). 
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The results of crucidle swelling tests and the degree of expansion 
in exrerimental ovens of the sole-heated and slot type were compared for 
seven bituminous coals of widely varying rank. Figure 4 shows the car- 
bonized residues of the crucible tests carried out according to the methods 
there indicated. The order of increasing rani of the coals is G, BE, B, f, 
C, D, and A, which is approximately the same order as their relative order 
of increasing expansion. The cricible tests show that coals G, E, and A 
in gereral swell less than coals B, Ff, ©, and D. The expansion tests indi-~ 
cated that coals G and BE were contracting and that coal A gave the highest 
exvansion of any of the seven coals. The comnarative results of the two 
t-res of tests indicate that there is considerable difference between the 
swelling of coal in the crucible tests, where all the coal becomes plastic 
at nearly the same time and is allowed to expand freely, and the expansion 
of coal in a somewhat restricted space similar to that of a coke oven, 


wnere the coking is progressive and the zone of nlastic material is moving 
throush the coal charge, | 


Application of the British Standards Institution crucible swelling 
test to determine the relative caking properties of coal when burned on 
grates gave promise of usefulness. Two coals of similar chemical composi- 
tion from the Pocahontas bed showed swelling numbers of 4 and 9+, respec— 


tively. The first gave satisfactory results when burned; tne second gave 
trouble, owing to caking on the grates, 


Plasticity 


Tne plastic properties of all coals studied in the survey of the car- 
borizing properties of American coals during the year were determined by 
the revised Agde-Damm dilatometer, Davis plastometer, and Gieseler test 
nethods.& In addition, many tests by these methods were made in connec 
tion with special studies of oxidized coals, of bright and sovlint layer 
samples, and of medium—- and low-volatile expanding coals, including screened 
portions of certain coals of low—volatile rank. Seven coal samples also. 
were tested in cooperation with Subcommittee XV of the American Society 


for Testing Materials Committee D-5 in connection with standardizations 
of apparatus and pEocecures 


With increasing extent of oxidation, tie plastic properties of bi-~ 
tuninous coking coals were affected as follows: (1) Increase in both the 
initial softening and fusion temperatures and a small decrease in the ten- 
perature marking the end of the plastic temoerature range; (2) decreasing 
differences between initial softening end fusion temperatures from series 
to series with increasing rank of the coals; (3) smaller reductions in 
linear expansion (Agde-Damm method) for high-volatile A than for mediun— 
volatile coals; and (4) reduction in fluidity of all coals ~ most pronounced 


23] Brewer, R, E,, and Triff, J. E., Measurement of Plastic Properties of 


Bituni nus Coals, Comparison. of Gieseler and Davis Plastometer and 
Azie-Damm Dilatometer Methods: Ind. and Eng. Chem., Anale Ed., vol. 
Md, May 15, 1939, pp. ohe-247. 
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for coals of highest rank, These changes in plastic properties corres~ 
pond to changes in coking power of the coals, The coking power of high- 
and medium-volatile coals is improved by a limited amount of oxidation, 
whereas with low~volatile coals slight oxidation decreases the coking power, 


Plastic properties were determined on three high-volatile A, one | 
medium—volatile, and two low-volatile bituminous coals, and also on bright 
and splint layer samples separated from the columnar sections of these six 
coals, Three 100=—percent splint layer samples showed no fusion. Three 
other 100-percent splint layers, all six of the composite samples, and 
seven predominantly bright layer sammles showed well—defined plastic prop- 
erties, Classified according to their content of anthraxylon and their 
anthraxylon to attritus ratios, it was observed that: (1) The nonfusing 
group all contained 6 area percent or less of enthraxylon and had an anth- 
raxylon to attritus ratio of 0.07 to 1 or lower; and (2) the fusing group 
all contained 9 area percent or more of anthraxylon and had an anthraxylon 
to attritus ratio 0.10 to 1 or higher, The relationship between the con- 
tents of anthraxylon and the ratios of anthraxylon to attritus is fairly 
regular, and with increase in these values the percentage of splint coal 
drops. The relative order of fusion temveratures for the samples of a 
given series ~ composite coal, bright coal, and splint - varies with the 
predominating type of coal present. In some series the fusion tempera~ 
tures are lowest for the composite coal: in others they are lowest for the 
samples containing the highest percentage of bright coal. The order of 


decrease in expansion (Agde-Damm test) was from bright to composite to 
splint coal. 


Some difficulty has been experienced in obtaining close checks by 
the Davis plastometer test method on low-volatile bituminous coals of 
high fusain content. It was believed that’the higher specific gravity of 
fusain and its relatively fine state of subdivision — resulting from ease 
of grinding this friable material - as compared with the rest of the coal 
sample, might permit segregation of the fusain during testing of such 
coals in the Davis plastometer rotating retort. To test this hypothesis, 
the original through-20—mesh sample was screened into two portions? (1) 
Through 20 and on 35 mesh and (2) through 35 mesh. The plastic properties 
of these screened portions were determined by the Davis plastometer, and 
the results were compared with those for the original 20-mesh sample, and 
also for this sample ground to pass through a 35—mesh screen. The throug 
35-mesh material sercened from the original 20-mesh sample gave a higher 
fusion temperature and a lower maximum resistance than the other three saz 
ples. This result supports the argument that fusain was more concentrated 
in the finer sizes of the original sample; and, because of its higher 
specific gravity, the fusain segregated during the determination of the 
plastic properties of the sample in the Davis plastometer rotating retort. 


COAL MINING 


During the fiscal year study of many problems relating to safe and 
economical practices in the mining of coal Kas continued. A greater 
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Figure 5.- General view of pillar and loading assembly during test. 
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Figure 6.- Close view of base of pillar after failure. 
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anount of cooperative work between the Bureau of Mines and a nuuber of 
States and mining companies has resulted in a well-balanced, progressive 
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Experimental Coal Mine 


During the fiscal year the Experimental Coal Mine Section cooperated 
in furnishing coal to the Hydrogenation Section, in testing lighting equip- 
rent and gas-detecting devices with the Electricel—Mechanical Section, and 
in tne taking of motion pictures underground by the Safety Division of the 
Bureau, Four large~scale demonstrations of the explosibility of coal dust 
were held before apnroximately 1,000 visitors, and 200 other visitors were 
received at the Experimental mine during the year. 


Three major research investigations were conducted during the year in 
the Exverimental coal mine on problems relating to safety in mining and 
sther industries, These were (1) large-scale detcrminations of the strength 
of pillars of the Pittsburgh coal bed ‘n place; (2; bot: large- and small- 
scale determinations of the inflammability and explosibility of dusts; and 
(3) large-scale determinations of certain phenomena accompanying gas ex- 
tlosions such as may initiate coal—dust explosions in mines. 


Bearing-Strength and Compressibility Tests in the Mine 


The early stages of this investigation have been reported. 2u/ The 
wrk was continued on successively larger pillars of Pittsburgn—bed 
(sruceton—mine) coal, the last one during the year being a 64~inch cube — 
equal in heizsut to that of the bed. Figure 5 is a view of this pillar 
curing the early part of the test. A total load of 2,835,000 pounds or 
unit load of 095 pounds per square inch was required to crush it. Figure 6 
«8a close view of the base of the piliar after failure, The investigation 
srowed that the ratio of lateral dimension to height of pillar is an in- 
portant factor in determining its strength. For square pillars resting on 
a solid floor and comprising the entire hoignt of the coal bed, the follow- 
ing relation was founds: § = KVR, in which S is the crushing strength of 
tris coal in pounds per square inch, K a constant equal to 695, and RB the 
ratio of lateral dimension to height of pillar. Other tests indicated that 
tse value of K may change with the thickness of the bed, becoming larger as 
tre bed becomes thinner, The unit strength of the 64~inch cube was only 
one-fourth to one-third of that shown in laboratory tests of small cubes of 
coal mace by a number of investigators, The present dat2 indicate that a 
villar the height of the bed (64 inches) in the Experimental mine would 
rave to be 45 feet square before its unit strength reached 2,100 pounds 
ber square inch, It was found that continued lateral expansion of a pillar 
of coal under constant load is a much better indication of approaching 

i) 


23] Picldner, A, C., Annual Report of Kesearch and Technologic Work on 


Cos!, Fiscal Year 1938: Bureau of Mines Inf. Circ. 7052, 1939, U4 
Dp. 
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failure than vertical compression. A detailed description of this invest 
gation has been issued, 


Inflammability and Explosibility of Pitch Dust 


An extensive investigation of the inflamnability and explosibility « 
dusts prepared from pitches produced from coal tar, water-~gas tar, and pe 
troleum has been conducted during tne year, The basis of comparison was 
Pittsburgh coal dust, The pitch dusts and the coal dust were ground to 
comparable sizes before being tested, 


The lower quantity limit of inflammability of a sample of coal~tar 
pitch and one of water-gas-tar pitch tested on a large scale in the Expez 
mental coal mine lay between 0.040 and 0,053 ounce per cubic foot, wheres 
that of Pittsburgh coal dust lies between 0,053 and 0,067 ounce, "Both 
pitches attained maximum explosibility with a concentration of 0,093 ounc 
compared with 0,120 ounce for Pittsburgh coal dust, These latter quanti' 
are close to the amounts required to consume all the oxygen from the air. 
With concentrations giving maximum explosibility, 80 percent incombustib! 
was required in mixtures of the pitch dusts to prevent propagation of 
flame compared with 77 percent for Pittsburgh coal dust, The pitch dust: 
are slightly more inflammable than the coal dust, but the precautions 
taken to prevent explosions when pulverized coal is fired are ee 
to and adequate for the pitch dusts, 


Laboratory tests were made on four other samples of coal—tar pitch 
dust. The inflamnability of tne dusts had approximately a straight—lLine 
relation to tneir volatile content as determined by proximate analysis, 
Tests were made also with atmospheres of reduced oxygen content, Pitch 
dusts failed to ignite with 18,4 to 13.3 percent oxygen; Pittsburgh coal 
failed with 16.8 percent oxygen. -Petroleum-pitch dust was found to be 
more inflammable than the coal—tar—pitch dusts. 


Many other laboratory tests were made, A detailed report of the in 
vestigation will be published, 


In addition to the work on pitch dust, laboratory determinations of 
the inflammability of dusts from such materials as petroleum coke, char- 
coal, metallic salts of tartaric and acetic acids, and transformer vault 
were continued, 


Gas Explosions 
Complete data were obtained for explosions of uniform mixtures of 


natural gas and air confined by a paper diaphragm in the Experimental ni 
The enclosed volume was approximately 1,300 cubic feet, The percentage 


Greenwald, H. P., Howarth, H, C., and Hartmann, I., Experiments on 
the Strength of Small Pillers of Coal in the Pittsbureh Bed: Burear 
of Mines Tech. Paper 605, 1939, 22 pn. 
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 gstanged from the lower to the wover limit of inflammability in different 
esis) lenition was at the face in all cases, Greatest. length of flame was 
0 feet; seven times the length of the gas zone, and occurred with 10 and. 
ilprcent gas in the gas—air mixtures, Greatest pressure was recorded at 
“2 point of ignition; it was only 2 pounds with 7 percent gas, rose to a 
rarimm of 18 pounds with 11 percent gas, and fell rapidly to 2 pounds with 
 Ibpercent gas. . 


Explosibility of Coal Dust 


 torpariso 26/ of the American and British large-scale test methods for 
' detertining the explosibility (inflammability) of coal dust and the effect 
fvrious factors pertinent to the results obtained by these test methods 
sows that the principal factors are the size and composition of the coal 
txt, the quantity of coal dust present, the effect of inflammable gas in 
it alrcurrent, the effect of varying strength of the source of ignition, 
ie mmer of distribution of dust in the test gallery or passegeway, and 
te effect of changes in the cross section and conviguration of the gallery 
ct vassavewary, Tre last tnree factors have not been investigated fully. 

-e proportion of incombustible material that must be mixed with coal to 
stevent vropagation of flanae depends on particular test conditions, Labora~ 
ry test data should include a reasonable factor of safety wnen applied to 
Cocercial coal-mining operations, 


Rock Dusting 


Rock dusting back entries of coal mines against coal—dust explosions 

‘7 Various hand, high-pressure machine, and low-cost (labor-saving and semi-~ 
estonatic or ae methods was discussed with particular reference to 
eTlectiveness and weet.el 


Movement of Boof 


Earlier studies in a mechanized mine were reported last year, 23/ The 
ae mine mentioned in thet report was the Crucible mine of the Crucible 
ie % In this mine all coal is loaded by hand, with consequent slower 
“erent of rib lines. Because of this and the different manner in which 
villars are split, roof movement in tris mine is more irregular, but the 
We eee neiples are the sane as those in a mechanized mince, Convergence 
- its and floor during pillar extraction was measured in three sections 

=o Crucible mine.29/ In one nowly opened section considerable trouble 


ny 


</ Sreenwald, H. P., Notes on Large-Scale fests of the Bxplosibility of 
al Dists Made in the United States and Great Britain: Bureau of 
‘nes Rept. of Investigations 3462, 1939, 9 pne* | 
vp cnwald, H. P., Discussion of "What Are the Most Efficient Methods 
‘i Rock-Dusting Back Entries" by J. V. McKenna: .Proc, Coal Min, Inst. 
~ 12a, 1938, pp. 67-70. | _ | 
yi oner, A. C,., work cited in footnote 24, pe 15. a 
ea, E. R., and Greenwald, H, P., Studies of Roof Movement in Coal 
Rept. of f Crucible Mine of the Crucible Fue Co.: Bureau of Mines 

a nvestigations 3452, 1939, 19 pp. 
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was experienced with heaving floor, The cause could not be determined 
readily. It was suggested that it might be the effect of stress residual 
in the coal bed from past geological disturbances or that the fireclay 
floor may have been overloaded from the heavier cover in this section com 
pared with other parts of the mine, Extensive measurements: of surface 
subsidence were made over the underground areas studied. With a cover of 
300 to 500 feet, subsidence lagged behind extraction of the coal; the sur- 
face sank over the goaf in a long, swecping curve, The surface movement 
was 40 to 50 percent of the thickness of coal removed beneath. The data 
indicate that a large amount of the weight of the strata over the goaf is 
carried by coal pillars along the rib line, The cover contains at least 
two thick and strong rock members = the Pittsburgh sandstone and the Ben- 
wood limestone, Subsidence of the surface can therefore be minimized by 
leaving strong pillars behind the rib line as long as is consistent with 
their removal in an economical manner when the rib line reaches them, 


Fundamental information obtained from studies of ground movement and 
subsidence in coal mines has been found useful in interpreting the recent 
violent outbursts with "heaving shales" in the East Texas oil field, 0 


American Institute of Mining and Metallurgical Engineers Technical 
Paper 1014, Ground Movement and Subsidence Studies in Mining Coal, Ores, 
and Nonmetallic Minerals, originally published in February 1937, has been 
reprinted. 


Methods 


A comprehensive study based on the personal observation of the Burea 
former Chief Mining engineer of vractices in different coal fields of hu 
and under various economic and Doe aye one of mining compared ¥ 
those in the United States was completed. : 


The advantages and disadvantages of the various types of equipment : 
mining systems now used at 11 bituminouse—coal mines in the United States 
have been analyzed in relation to the character of certain physical con- 
ditions peculiar to the different mines, The ultimate success of mech: 
zation depends on thorough understanding of the problems invilved, coord: 
nation of all operations — cutting, shooting, timbering, loading, and tr: 
portation — and proper training of men to operate efficiently and safely 


O/ Rice, G. &., Ground Movement and Subsidence, (01d Mining Problem 
Spreads to East Texas Oil Field): Min, and Met., vole 20, January 1! 


De 8. 
31/ Rice, G. S., Ground Movement and Subsidence Studies in Mining Coal, | 
and Nonmetallic Minerals: Min, Technol., vol. 3, January 1939, 15 p 
32/ Rice, George S., and Hartmann, Irving, Coal Mining in Europe: Burea 
of Mines Bull, 414, 1939, 369 pn. | 
33/ Toenges, A. L., and Jones, F. A,, Multinle~-Snift Mechanical Mining i 
Some Bituminous Coal Mines. Progress Rept. 2! Bureau of Mines Inf. 
Circ. 7067, 1939, 58 pp.: 
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The work that has been done in certain States, notably Kansas, 
nssuri, Indiana, and Illinois, in reclaiming the surface p land from 
rich coal has been removed dy strip mining was described, Natural 
restoration and planned reclamation methods are reviewed, which have re- 
tlained many acres for grazing, recreation, forest reserves, and, in some 
claes, agriculture. The latter two phases already have produced "money 
eros", 


Fires in Anthracite Mines 


The investigation of the causes, behavior, and control of fires in 
ataracite mines was continued, Data on several additional fires were 
chtained, tentative plans for attacking a large, active fire with inert 
gs wre formulated, and one fire area was inspected before being opened. 


lata obtained in orevious low—temverature oxidation tests were used 
incaleulating the heat of oxidation at temperatures between 100° and 450° 
(, ly two different but related methods. The calculations were based 
won the amount of oxygen consumed and the heating value of the coal be- 
‘ore and after oxidation. Test data included 25 anthracites and 8 lower- 
rax coals. After about 1,600 cubic feet of oxygen was consumed per ton 
i coal the heat of oxidation was virtually constant at about 4,1 calories 
ver cubic centimeter (NTP) of oxygen consumed, 


Oservations that many anthracite refuse banks, some very high and 
large inarea, and a few more than 50 years old, have never caught fire 
ad that Laboratory ignition temperatures of anthracite and anthracite 
‘efuse products are high — usually higher than 400° C, — indicate that 
soataneous. lenition of such matcrials is improbable, The lack of evidence 
trat enthracitic materials will heat spontaneously to the temperature of 
izition sugzested a study of other causes of fires in anthracite refuse 
OanXS, External sources of heat end spontaneous combustion of materials 
“ving low-ignition temveratures are considered. Laboratory determinations 
Cf the ignition temperatures of bituminous and subbituminous coals and of 
vetious cellulosic materials, such as paper, wood, discarded mine timber, 
Sawdust, oil, grease, and brattice cloth, show that these materials ignite 
a+ much lower temperatures than do the principal materials in anthracite 
refuse bank, ®uch materials in the bank are fire hazards. Recommendations 
we nade for decreasing tie possibility of fire by proper methods of stor- 
“se and suitable control tests. ae 


x Toenges, A. L., Reclamation of Stripped Coal Land: Bureau of Mines 


i Rept. of Investigations 34U40, 1939, 11 pp. 

uy Scott, G. §,, Heat Liberated in the Low-Temperature ‘Oxidation of An- 

x6) yiraci te: Bureau of Mines Inf, Circ. 7053, 1939, 10 pp. 
Mn G. W., and Scott, G S., Chemical Considerations Relating to 
ie in Anthracite Refuse: Bureau of Mines Rept. of Investigations 
8, 1939, 13 pp. 
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The absence of carbon monoxide in the atmosphere of sealed fire areas 
is not absolute evidence that tne fire has been extinguished, 2L/ Tests are 
described showing that certain types of bactcria or micro-organisms, 
present in anthracite gangway waters, sewage, and surface materials can 
oxidize carbon monoxide to carodon dioxide and hydrogen to water. Under 
favorable conditions, this disappearance of carbon monoxide and hydrogen 
in sealed fire areas may de as rapid as the generation of carbon monoxide 
by the fire. . 


The bacteria that canuseoxidation of carbon mqnoxide and hydrogen 
have been isolated and studied microscopically.J9/ A study of the sources 
of 43 samples, including manhole sludges, mine waters, sewage, soil, tap 
.and distilled waters, and tests upon these to determine their ability to 
oxidize hydrogen end carbon monoxide indicate thet the activity of the 
samples was due to certain soil bacteria contained in surface drainage 
contaminations. The samples were tested first in small sterilized bottles 
containing an atmosnhere of carbon monoxide, hydrogen, and air, then re- 
turned to their original containers and stored in the dark for 2 to 6 
months, and finally retested similarly in 5~—gallon bottles, in many in- 
stances in the presence of sponge to increase the surface, In both the 
small- and large-bottle experiments the final gas was lower in hydrogen, 
carbon monoxide, and oxygen and higher in carbon dioxide. The increase 
in nitrogen percentage corresponded in general to the net decrease in 
volume caused by the reactions. <All of the large~bottle experiments in 
which sponges were added snowed an increased rate of elimination of hydrogen 
and carbon monoxide. In some of the large=bottle tests the activity was 
much less than in the earlier corresponding tests of the same sludges in 
the small-bottle experiments, It was believed that this was due to deple- 
tion of the necessary mineral matter or that higher forms of life consumed 
the bacteria. Certain scums were observed to contain rotifers, nematodes, 
and protozoa, These motile, higher forms of life appeared to be consuming 
the carbon monoxide and hydrogen bacteria, After their elimination, the 
bacteria again grew and multiplied in the presence of carbon monoxide and 
air. 


Figure 7 is a photomicrograph (¥ 1,000) showing the bacteria in a 
scum formed on the surface of a manhole sludge. They appear as short, al- 
most spherical rods about 0.5 micron in diameter and 1 to 4 microns long, 
without motion, They seem to de identical with the Bacillus oligocarbophil. 
lus described by Beijerinck and van Delden, Since surface drainage con- 


31/ Jones, G. W., and Scott, G..S., Carbon Monoxide in Underground Atmos- 


pheres, The Role of Bactcria in Its Elimination: Ind, and Eng, Chen., 
vol. 31, June 1939, pp. 775-778 oe 

38/ Jones, G. W., and Scott, G S., Oxidation of Carbon Monoxide and Hydro- 
gen by Bacteria: Bureau of Mines Rept. of Investigations 3466, 1939, 
10 ppe | | | 

39/ Beijerinck, M. W., and van Deldon, A., Concerning a Colorless Bacillus 
Whose Carbon Nourishment Comes from Atmospheric Air: COentralblatt 
Bakt., vol, 10, part 2, 1903, ppe 33-47. 
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Figure 7.— Photomicrograph of bacteria causing 
oxidation of carbon monoxide, 1,000 X mag. 
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taining carbon monoxide-consuning tacteria may get into mine workings, — 

tis fact must be taken into account before it may be concluded that on 

“: basis of the absence of carbon monoxide in the gas analysis from a mine- 
fire area, an underground fire is inactive and it is safe to reopen the © 


bo al 
mance 


Permissible Mine Equipment 


Investigations for safety of electrically operated mine equipment, 
afety lamps, and gas detectors are made at the Central (Pittsburgh, Pa.) 
imrinent Station in accordance witn published regulations termed "sched 
ues", Under the eight schedules now in effect, a manufacturer can have 
narlyevery t:voe of equipment used at or near the face of active mine 
kings investigated for its liability to ignite mine gas or coal dust, 
cracmmbination of these, The type of equipment tested, general and speci- 
‘ic requirements of construction and performance, and vrocedure of testing 
wading to, fjnal approval (or rejection) by the Brreau of Mines have been 
described » Forty approvals were issued during tae fiscal year under the 
eat schedules now active, three more than in the preceding year, These 
incluled 17 coal-cutting machines, 4 conveyors, 5 loading machines, 1 porta- 
tle air compressor, 2 pumps, 1 drill, and 1 rock-dust distributor, all com- 
rletely electrically operated, motor-driven machines approved under Schedule 
Q; 2electric cap lamps under Schedule 6C; 1 electric lantern and 1 flash- 
light under Schedule 10C:.1 portable "methane tester" under Schedule &C; 
ail dry-cell-type, single~shot blasting units under Schedule 12B. One 
ervension of approval to include an all-aluminum model of permissible safety 
lam wes issued under Schedule 7C. : 


New types of motor-driven equipment aporoved were (1) a portable, 
seif-contained conveyor (traveling on four rubber-tired wheels and powered 
ty a storage=battery "shuttle car"® designed for use in trackless rooms to 
coavey coal from the loading machine to the discharge point and (2) a pump 
. furnish hydraulic pressure for expanding a special cartridge in breaking 
“2 coal without the use of explosives. 


Schedule 9B, approved Octover 25, 1938, which superse 3) Schedule 9A, 
vas Issued, tl/” Schedule 2D was reprinted during the year, 


a Isler, L, C., Investigation of Electrical Eouipment, Safety Lamps, 

. Gas Detectors for Safety: Bureau of Mines Inf. Circ. 7087, 1939, 

) Ppe | ee 

LY Bureay of Mines, Permissible Telephone and Signaling devices: Sched. 
23, approved October 25, 1938, iscued February 4, 1939, 6 pp. (Pre- 

15, paved by Electrical-Mechanical Section) 

“ea of Mines, Explosion-Proof Mine Eouipment, Requirements for 
oroval of Storage-Battery Locomotives and Power Trucks, Junction 
vite €s, and Electric Mator-—Driven Equipment: Sched. 2D, approved 
“7 ¢3, 1936, reprinted April 29, 1939, 29 pow (Prepared by Flectri- 
Cal-Mechanical Section.) 
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Numerous changes in design of explosion=proof compartments for in- 
corporation in permissible mining machinery were reviewed and authorized, 
"Letters of suitability" were issued during the fiscal year for nine 
motors, two controllers, and one resistor box, 


In all, 1,354 explosion tests were made during the fiscal year in 
the investigations of complete machinery and: individual parts. 


Engineers of the Electrical-Mechanical Section inspected equipment 
for which approval had been requested at 16 factories and mines and co- 
operated with company engineers on problems of developing satisfactory 
designs for permissible equipment, Field studies of electrical and me- 
chanical hazards associated with the operation of machinery in mines were 
made at 25 mines and factories, 


The advantages of ag electrical mine equipment in coal 
mines were pointed out. Such equipment embodies rugged construction 
features and is adequately and safcly wired. Continuity in service and 
safety in operation have bcen imreascd greatly through the extended use 
of permissible electrical mine equipment, 


During the year more than 700 persons, including students, mining 
officials, and representatives of manifacturers, visited the electrical 
laboratory, where the approval system was explained and demonstrations 
were made to show how electric sparks and flashes can imite methane~air 
mixtures in a coal mine, Studies were completed of methods of operation 
of rolling contacts for reducing nipping hazards on self~propelled minin, 
machine M/ or the conditions to be met in installing various types of 
high—tension power giycuits in coal mines, including recent developments 
in types of cables; and of the pnp h inspection, and care 9f 
hoisting ropes for mine shafts and slopes. A testing machine was in- 
stalled to test the strength of ropes after service in mines, 


An abstract of the laws and regulations of 29 States on allowable 
speed when men are hoisted or lowered in ranted the number of men 
permitted on &@ cage at one time was published. Distinctive mechanica 
and electrical signal systems are now available, which avoid the hazard 


Ilsley, L. C., The Advantages of Permissible Electrical Equipment: 
Mechanization, vol. 3, Noe 6, June 1933, po. CESS, | 

Uy / Gleim, ©. J., Reducing Nipping Hazards when Yrarnaing Coal—Mining 
Machinery: Bureau of Mines Inf. Circ. 705%, 1975, 3 pDpe 

45/ Gleim, E. J., Installation of High-Ter.sion Power Circuits in Coal 
Mines: Bureau of Mines Inf. Circ. 7OUU, 1930, 14 pp. 

46/ Ilsley, L. C., and Mosier, McHenry, Inspection and Maintenance of 
Mine Hoisting Ropes: Bureau of Mines Tech. Paper 602, 27 ppe 

u7/ Ilsley, L. C., and Gloim, E. J., State Regulations Portaining to 
Hoisting of Men: Bureau of Mines Inf. Circ. 7057, 1939, 13 pp. 
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of movement of the cage in response to wrong signals, 48/ 


Permissiblo Explosives and Blasting Devices 


At present permissible explosives represent 35 percent of all ex— 
rosa *.aged in coal mae an incroase of 31 percent over 30 years 


The properties of nonpermissible pelict-pawdes: sepiesive: and the 
hazards involved in its transportation and use, together with the compara- 
tive amounts of pellet powder, black blasting powder, and permissible ex- 
plosives used in the production of coal in Wast Virginia, Pennsylvania 
(bituminous and. anthracite mines), Ohio, Maryland, and the United States 
as a whole from m i934 through the first 10 months of 1938, inclusive, have 
been described, 24 _ 


Schedule 1B (Procedure for Testing tisiceigee ere in Metal Mines, 
Tunnels, Quarries, and other Enginecring Operations, with Test Requirements 
fron Schedule of Fees), Schedule 17C (Procedure for Testing Explosives for 
Pernissibility in Coal Mines, with Test Requirements, Tolerance Limits, . 
and the Schedule of Feces), and Schedule 20 (Pormissible Blasting. Devices: 
Procedure in Testing, Tees, and Ragpirononts for Approval) have been in- 
corporrated into one schedule, 10, 


PREPARATION OF COAL 


Washing in Alabama 


The Southern (Tuscaloosa, Ala.) Experiment Station, in cooperation 
with the University of Alabama and Alabama coal producers, has continued 
studies on the washability characteristics of sapoE tant Alabana coals and 


58/ Mosier, McHenry, and Giein, Ee J. Sone Sienaling Sc atone in Metal- 


Mine Shafts: Bureau of Mines Inf, Circ. (083, 1939, 5 ppe | 

“9/ Tiffany, J. B., Coal—Mine Explosives: Their Charactcristics, Selec- 
tion, and Safe Use: Proc. Coal Min. Inst. America, 1937, ppe 35~56; 
Bureau of Mines Inf, Circ. 7040, 1938, 20 pp. 

50/ Bureau of Mines Active List of Permissible Explosives and Blasting 
Devices Approved Prior to June 30, 1938: Rept. of Investigations 
3421, 1938, 25 pp. (Compiled by J. E, Tiffany and Z C. Gaugler.) 

51/ Tiffany, J. B., What Are the Hazards and Accident Experience From 
the Use of Pellet Powder? : Proce coe Min. Inst. mrenice, 1938, 

PPe 49-52. | 

5e/ Bureau of Mines Procedure for Aesiyine for Tests Made on All Explo- 
sives and Blasting Devices by the Explosives Division of the Bureau 
of Mines; Prescribed Conditions and Requirements for Permissibility 
when Used in Coal Mines and Schedule of Fees for the Tests: Schedule 
1¢ 1939, 13 pp. (Prepared by W. J. Huff and J. E, Tiffany.) 
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increasing the yield of marketable coal by re-treating table middlings, 


Float-and-sink data are best interproted in terms of "washability 
curves,."22/° These comvrise four interrelated curves designated as 
"cumulative,™ "elementary," "specific-gravity,® and "plus-and=minus 0,10 
svecific-gravity distributidn" curves, All four curves have a common 
ordinate, so that values from one of the curves may be expressed in terms 
of any of the others, Assuming that the coal to which the curves apply 
has a size range suitable for wet table concentration, the curves can be 
used to predict the theoretical yield, average ash content, and highest. 
ash content of particles in the weshed coal, The efficiency of the sepa- 
ration is the ratio. of the actual yield to the theoretical or float~ani- 
sink yield and should be about 95.percent. It is not unusual for a table 
to operate at 97 to 98 percent efficiency. 


&A washability study of Woodstock bed euie crem the Cahaba field 
indicated that the "rash" problem is not serious for this coal, Proper 
operation of the washer, therefore, should facilitate removal of "rash" 
to an extent to minimize any adverse effects on the ash analysis, ‘The 
study indicates that it should be possible to wash the minus 3=-inch coal 
to approximately 4.4 percent ash with good efficiency, and that the coarser 
individual sizes of raw coal can be washed to a lower ash content than 
the fine sizes, : 


A washability study was made of Yolande No. 6 exploration slope, 
Warrior field, not yet positively identified as Black Creek bed coal, 
with particular reference to sulfur elimination. The face sample 
showed higher. sulfur content, somewhat higher heating valus, and a lower 
ash-softening temperature than the usual Black Creek=-bed coal, The sulfur 
percentage increased with increasing specific gravity of the float-and-sin 
portions; the ash-softening temperature showed no definite trend, If 
separate washing units are used for cleaning coarse and fine sizes, it 
should be possible to obtain washed coal of approximately 4.2 and 3,2 per- 
cent ash in the minus 3-inch plus 3/16-inch and the minus 3/16—inch sizes, 
respectively. The washed coal would contain about 1.6 porcent total sul- 
ful ~- in 131 pyritic to organic form, This high ratio of pyritic to 
organic sulfur would appear to preciude the use of this coal for making 
metallurgicel coke except when blended in small quantities with a low- 
sulfur coal, Flakiness data indicate that there is not enough flaky bone 
("rash") in the coal to interfere seriously with reduction of ash in a 
properly aeeTenes washer, 


53/ Coe, G. D., An Explanation of Washability Curves for the Te 


tion of Ploat-and-Sink Data on Coal: Bureau of Mines Inf, Circ, 7045, 
1938, 10 pp. 

54 / Gendrud, B. W., and Coe, G. D., A Washability Study of the Woodstock 

Coal Bed at Klondyke Mine, West Blocton, Ala.: Bureau of pane Rept. 

of Investigations 3449, 1939, 12 ppe 

55/ Gandrud, B. W., Coe, G D., and Mead, J. one A Washability Study of 
the Black Creek Coal Bed at Yolande No. 6, Rockcastle, Alas: Bureau 
of Mines Rept. of Invostigations 3450, 1939, 12 ppe 


7506 . oh. 


Google 


I. ©. (105 


saree) studies were made of the America and Pratt coal beds at 
Gorgas, Ala, Face samples at three openings in the America and two in 
the Pratt bed were mixed for each bed in the proportions of the thickness 
of the bed at the individual points sammled. Washability curves indicated 
tat the America bed and Pratt bed coals can be washed efficiently to 
amroxinately 9.1 percent and 7.6 percent ash, resvectively. Proximate 
andultimate analyses, heating values, forms of sulfur, and ash-softening 
temeratures were determined on combined standard seam samples from each 
tad, 


Reduction of Washery Losses 


The reduction of wasnery losses of marketable coel is a phase of 
col vreparation imoortant to many Alabama coal producers, The practice 
at the Colta washery, the preperation of middlings for retabling, table 
vests on Classifier overflow, end results of commercial plant operation and 
laboratory tests on Mary Lee~bded co2l nave been published, The actual 
increase in yield of washed coz.1l resulting from retreatment at the vlant 
was 1,60 tons ver hour, with a feed of 56 tons per hour to the orimary 
vadles, This is lower then the 2,18 tons ver hour increase predicted from 
laoratory tests. The difference may be attributed both to the difference 
inesaracter of the middlings re-treated in the plant and of those used 
in tre laboratory tests, anc to minor changes made in the operation of 
tne orinary tables so as to obtain a higher recovery of wasned coal with 
aslichtly lower ash content tian that contemolated originally from the 
lacoratory tests. 


Washer;-Slurry Study 


The study of the wasnery-slurry—handling problem at coal preparation 
tlants in Alabama has been continued. To avoid the many troucles arising 
fron excess solids in the washer; watcr it is necessary to withdraw some 
of the slurry in many of these plants from the washing system continuously, 
™nh it to waste, and renlace it with clean fresh water. Data obtained in 
sevtling tests with and without flocculation with starch srow that the 
capacity of settling cones could de increased enormously bd: the use of 
‘eceulation.s This treatment solves the problem of water clarification 
vy does not aid in thickening the scttling sludge or dewatering the sludge 
acter it settles out of the slurry. Froth-flotetion tests have effected 
2.20st verfect separation of the conl from the ash-forming imourities. 
Zeooyery of tne cleaned corl from froth flintation, however, involves the 
sxe settling ond dewatering problems ns recovery of solids from the orig- 

mal slurry. Preliminary toasts indicate that a two-stage dewatering on 


o3/ Sardrud, B. W., and Coc, G. D., Washability Stadies of the Amcrica and 


~ Frett Coal Beds at Gorgas, Alas Bureau of Mines Rept. of Investiga- 
tions 3458, 1939, 12 pow © | 

ii/ Genarud, B. W., Coe, G 3., and Hagor, H. J., Classification and Tablings 
of Zable Middlings at the Colta Coal Washery, Flat Creck, Alas: Bureau 
of Mines Rept, of Investigations 3448, 1939, 13 pp. 


7395 as BB a 


Google 


I, C, 7105 


screens, rather than the one-stage systcm now used at Alabama plants, 
should prove feasible, In the two-stage arrangement the underflow fron 
the present dewatcring screens would pass over fine-mesh, stainless-stcel, 
vibrating screens, and the underflow from these would run back into the 
settling tank. This would give good dewatering of all coal coarser than 
the mesh of the vibrating screen and should result in less accumulation. 
of solids in the washery water. The scheme has not been tried on a con- 
mercial scale, 


Drainage Characteristics of Alabama Coals 


A knowledge of the rate at which water drains from a given washed 
coal after it is loaded in railroad cars and during transit to the con- 
sumer is important for prediction of the moisture content of the coal 
following loading. The principal causes of the lack of uniformity in 
' loss of water by drainage from different coals have been studied, The . 
size distribution of the coal was found to be the most important factor 
affecting the rate of drainage, 

A laboratory test has been developed that thus far appears to give 
drainage results comparable to those from railroad cars, The sample of 
coal is first soaked thoroughly for a definite length of time in a basket 
having a perforated-plate bottom, The dasket is then weighed and allowed 
to drain for 24 hours while weighings are recorded at definite intervals. 
The percentages of moisture are plotted against time intervals on a loga- 
rithmic scale, and a straight line is drawn through the average of the cc 
ordinate points, Results are reproducible within small limits of error, 
No readings are taken after 24 hours, but the straight-line graph is pro- 
jected beyond the 24—hour point. Samples of coal taken from railroad car 
3 to 9 days after loading had moisture contents that agreed within a few 
tenths of a percent with the corresponding values read from the projecte¢ 
eraph, Predictions based upon the curve will be accurate under normal c: 
ditions. 


"Super Coal" 


Float-and—sink separations were made on a seam sample of coal fron - 
Black Creek bed, Bradford mine, to determine whether any fraction could | 
used as "super coal", that is, as a coal containing not more than 1 pe: 
cent ash, suitable for use in internal-combustion motors. The coal was 
first stage-crushed through 28 mesh, and all minus 270-mesh naterial was 
rejected. The through 28-mesh and on 270-mesh material constituted 82.4 
percent by weight of the coal and contained 3.6 percent ash, The float- 
1.30 specific gravity material was found to contain 1 percent ash and co 
prised 77.9 percent by weight of the material tested, or 64.2 percent of 
the original coal, thus showing that a high yield of "super coal" was po 
sible. . 


Drying and Storage Tests of Subbituminous Coals 
Preliminary studies of the degradation of subbituminous coal during 
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d-ving and storage for fixed periods and under known conditions of tom- 
perature and humidity have indicated the advantages of storage in sealed 
bing, Control tests included air-drying loss, proximate and ultimate analy- 
sis, heating value, screen analysis, and determination of friability. 


Lignite Drying by Fleissner Process 


Tie Fleissner process for drying lignite with high-pressure saturated 
sean has been studied further in a small pilot plant at the University of 
Yerth Dakota. Approximately 50 tons of lignite from four large producing 
tines in North Dakota have been dricd undcr various conditions, including 
cranges im size of lignite, steam pressure, and cycles of heating. Normal 
timle sizes of lignite have been studied to determine certain factors in 
tre operation of the pilot plant, and the physical and chemical properties 
of the dried product have been determined as an aid in making an economic 
analysis of the process, | 


The amount of water removed during drving is a function of the steam 
"ressure and is proportional to tre increase in heating value, Some im- 
rroverent in heating value also has resulted from removal of inert gases 
and from solution of part of the ash, Certain lignites respond differently 
-ron others to a given steam pressure, owing to differences in structure 
and composition, Those containing a relatively high proportion of woody 
weterial appear to dry in such a way as to give a better~appearing, even 
though more friable, product. The dried product has the peculiar property 
of repelling water; the surfaces do not remain wet after immersion, and 
weter does not soak into the pieces, 


UTILIZATION OF COAL 


The efficiency of fuel utilization has increased strikingly conmmared. 
with the Cy ae eee slow vrogress made in checking wastes during pro- 
cuction, In coal mining, destructive competition and the resulting un- 
stable economic position of the industry tend to accentuate rather than 
=-nimize the waste of this resource. In the field of utilization, however, 
whe sane forces — comoetition and the necessity of profitable operation — 
act in a socially useful direction to promote economy in use. 


A comprehensive analysis was made of the small consumer problem in 
selecting solid fuels, Particular emnhasis is placed on the burning 
Craracteristics of the fuel in the domestic annliances in which it is 
burned, The advice of reliable coal dealers and their combustion engineers 


<s/ Fieldner, A. C., Tryon, F. G., and Yancey, H. F., Mineral Fuels. Con- 
servation in Use: House Document 160, 76th Congress, 1st session, 
Energy Resources and National Policy, part 3, sec, III, Conservation 
in Use, 1939, pp. 370-377. (Compniled by the National Resources Com- 

_, Rittee and other Federal Agencies. 

iz/ Nicholls, P., Selection of Solid Fucls from the Viewpoint of the Small 

Consumers: Coal-Heat, vol. 35, February 1939, pp. 5-8; Heating, Piping, 

and Air Conditioning, vol, 11, February 1939, pp. 114118, 
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on fuels whose properties have been well-established by properly conducted 
tests is of great service to small domestic consumcrs, New developments 
in the processing and carbonization of coal during.1938 were discussed in 
the annual review number of Mining and Metallurgy.o2Y/ ._ 


Fuel-Economy Service 


Upon request, this service advised Government establishments how to 
purchase fucl and equipment, conducts operating and acceptance tests on 
present and provosed heating and power-plant installations, and makes re- 
commendations for their economical and efficient operation, 


The Government was saved more than $82,000 as a result of careful 
analysis of requested appropriations for new equipment. Improvements in 
existing installations, comparisons of cost of operating with various fuels 
and introduction of improved methods of operating heating and power plants 
@lso have resulted in large savings to various Government agencies. 


Such surveys were made for the Bureau of the Budget, Veterans? Admin- 
istration, Department of Agriculture, Department of Justice, Office of 
Indian Affairs, United States Housing Authority, and the Procurement Div- 
ision in 53 localities in the United States: for the District of Columbia 
and eight of its local power, heating, and sewage plants; and for the new 
Bureau of Mines station at Salt Lake City, Utah, 


Boiler feedwater—conditioning service has been applied to 328 samples 
of vater for local plants in Washington and 717 samples for eight Govern~ 
ment Departments. Fourteen boiler compounds and 20 scales and sludges were 
analysed, An electric form of water treatment and a new tyne of compound 
for reducing corrosion have been tested for the War Department. Hquipment 
was recommended and instructions were prepared for overating threo water- 
enalysis laboratories of the Government, 


Smoke-Abatement, Fly-Ash, and Air-Pollution Control 


Consulting service was given to various municipalitics and Government 
Departments on smoke~abatoment, fly-ash, and air—pollution problems, - 


The success of smoke abatement depends on human factors, Effective 
methods of attack depend on complete understanding by the public of all 
factors contributing to the nuisance, Operators must be trained in hand=- 
ling their particular fuel-burning equipment and filled with the idea of 
abating smoke, sulfurous gases, and fly ash, Devices for measuring and 
controlling these products are discussed in connection with effective city 


00/ Fieldner, A. C., Processing and Carbonization of Coal’ Min. and Met., 
vol, 20, January 1939, pe 50. 
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Restrictions on the emission of smoke, sulfur fumes, and fly ash 
have necessitated provisions for their control in coal-—burning equipment. 62/ 


A Bureau of Mines exhibit snowing improved metnods of home heating 
end firing to prevent air pollution at the 33d annual (1939) convention of 
tae Smoke Prevention Association at Milwaukee, Wis., attracted much interest 
end considerable favorable comment, ~~ 


Current developments in methods of determining the source, composi- 
tion, amount, and distribution of fly ash and in reducing or controlling 
its emission so as to aye or minimize the creation of a public nuis- 
erce have been pudlished, The paners contain about 30 illustrations of 
various methods of separating fly ash from the products of combustion, 


A summary of published investizations, including a bibliography on 
the subject of sulfur compounds as damaging pollutants of air, reviews 
the type of sampling, anal;sis procedure, hour of day and time of year of 
sampling, number of locations, and numbder of determinations made in various 
cities of the United States and Burope.C4/ Another summary of published 
favestigations with a bibliography reviews the importance of sulfur com- 
pounds fm the deterioration of materials as a basis for estimating the ex- 
tent of property loss chargeable to such air pollution. Oo Materials in~ 
cluded are cement, stone, metals, paint, leather, paper, and cloth. Both 
laboratory-type, in which the sulfur content an4 the humidity of the air 
ere controlled, and field-type investigations, in which the exposure of 
naterials to atmospheres are not wnder control, are described, A third 
sumary of published data with bibliography reviews the distribution of 


Barkley, J. F., Some Fundamentals of Smoke Abatement: Proc. 24th 
Fuel Eng. Conf., Appalachian Coals, Inc., Kalamazoo, Mich, Dec. 3, 
1938, 5 ppe: discussion, 6 pp. (mimeogrephed); (more complete nS 
Menual of Ordinances and Requirements in the Interest of Air Pollution, 
Smoke Blimination, and Fuel Combustion, 1939, pp. 112-116; (and in) 

_ Bureau of Mines Inf. Circ. 7090, 1939, 59 pp. 

02/ Barkley, J. F., Smoke and Fly Ash from Spreader Stokers: Combustion, 
vol. 9, No. 12, June 1938, pp. 37-38; Manual of Ordinances and Require- 
nents of the Smoke Prevention Association in the Interest of Air Pol- 
lution, Smoke Elimination and Fuel Combustion: 1938, ppe 133~134. 

63/ Barkley, J. F., Current Developments in Reducing Fly-Ash Emission from 
Chimneys: Proc, 33d Ann. Cony. Smoke Prevention Assoc., Milwaukee, 
Wise, June 13-16, 1939, pp. 161~173 (mimeographed), Manual of Ordi- 
nances and Requirements in the Interest of Air Pollution, Smoke Elim— 
ination, and Fuel Combustion, 1939, ppe 76~86, The Reduction of Fly 
Ash from Chimneys: Bureau of Mines Rept. of Investigations 3472, 

: 1939, 10 pp. aan . | 

ob] Burdick, L. R., and Barkley, J. F., Concentration of Sulfur Compounds 

_ in City Air: Bureau of Mines Inf, Circ. 7066, 1939, 14 pp. 

&/ Burdick, L. 2, and Barkley, J. F., Effect of Sulfur Compounds in the 

Air on Various Materials: Bureau of Mincs Inf, Cire. 7064, 1939, 9 pp. 
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sulfur from fuels when burned =~ that retainod in the refuse, that ae 
in the fuel~burning equipment, and that escaping into the atmosphere, 

The effects of the composition of the ash-forming constituents in the fuel 
and of added chemicals in affecting the proportion retained in the refuse 
are summarized. 


Viscosity of Coal-Ash Slags . 


Tre study of the viscosity of coal~ash slags was Cone using the 
oscillating bob viscometer and apparatus previously described, 0l/ The 
apparatus has proved to be satisfactory, and no major difficulties have 
been experienced in its operation, The preparation for and making of one 
test requires 2 to 3 days, but the tests made during the year were so dis- 
tributed over the field of composition of ba) ashes that some important 
general relationships could be established, 08 : 


Figure 8 is a plot of data of one typical slag. On the cooling cycle 
the solid phase started to form at the temperature of point A, and on the 
heating cycle the last crystals disappeared at point B; thus the liquidus 
temperature was about 2,280° F, 


The major factors of composition to be considered in the study of 
coalmash slags are five: Silica, alumina, lime—plus-magmesia, iron oxides, 
and the ferric percentage (ratio of ferric iron to total iron expressed as 
& percentage). The relations between these factors and the properties of 
the slags were found to be relatively simple. 


Ll. fFor slags having an equivalent Feo03 content of 12 percent and 
lower there is little change in the liquidus temperature with a decrease in 
ferric percentage from its value in air to 10 percent; tne viscosity may 
be increased up to 20 percent. — 


2. ds the equivalent Feo0z increases above 12 percent, lowering the 
ferric percentage decreases the liquidus tem»erature until with 40 percent 
equivalent Fea03 the decrease is 4009 F.: but again, there is little change 
in the viscosity of the liauid slag, 


3. The viscosities of liguid slags decrease with increase in the per- 
centage of lime-plus-iron oxide but are little affected by the ratio of lime 
to iron oxide, ; 

4, Plots showed that as a first approximation the viscosity of the 
liquid slags is indevendent of the alumina content and, therefore, tri- 
linear diagrams could be used, | 


Burdick, L. R., and Barkley, J, F., Sulfur in the. Products of Combus— 
_ tion of Fuels: Bureau of Mines Inf, Cire. 7065, 1939, 23 ppe 

eU/ Fieldner, A. C., work cited in footnote cl¥, p. 15, 

68/ Nicholls, P., and Reid, W. T., Viscosity of Coal-Ash Slags: Trans. 
Am, Soc. Mech. Eng., reprint, October 1939, 12 pp. 
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Figure 10.- Cone-fusion temperatures and viscosity curves for eight 


Figure !!.- Rate of travel of ignition of high-temperature coke. 


coal-ash slags. 
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5. Figure 9 suggests the type of plot that would give comlete 
ita on the fusibility of coal ash; one such plot would be required for 
excn teperature, a fixed silica-alumina ratio, and a fixed ferric per-~ 
Con afbe 


Figere 10 shows the cone-fusion temperatures and viscosity data for 
eicat coalmash slags having the compositions given in table 1, The last 
aint of the table gives the total flux. The curves of figure 10 lie in 

wigher ranges of viscosity as the total flux decreases; the abbreviations — 
Lh, §.T., and F.T., shown for each slag (not the original coal ash), are, 
resectively, initial deformation temperature, seston tne. soap ature, and 
-id temperature observed in the cone-fusion determination, 


TABLE 1. = Composition of coal~ash slags, weight percent 


Constituents 


SiOnvecececesccces 2503 
UQseseereccssone 31s 
Equivalent Feo0z.. 995 
(a0slz0 s siksescesic's Ul 
Total Seseceeees [L000 [100.0 |100,0 |100.0 100,0 100;0 
Fep0 ACAOMEO» ove 62.1 Ug.1 36.3 32,4 2. 3 | 23.4] 18,4] 13.6 


It would be desirable if definite relations between the three cone~ 
“sion temperatures, viscosity data, and liouidus temperature could be 
fcund, so that, knowing the first, the viscosity and liquidus temperature 
cculd be predicted. Figure 10 shows that the softening temperature alone 
eld not be enough. However, the three conc-fusion temperatures are not 

“€ sence for any two of these eight slags, and thus it is possible that 
a relationship may be established between the cone-fusion temperatures 
2 viscosity. 


Fuels for Ceramic Kilns 


Equations were derived for determining heat balances of kilns utiliz— 
“€ Solid and Mouid fuels, and quadrant charts were constructed for graphic 
ae Explanations of the 10 charts and 2 equations with illustra- 
“i7@ examples of calculations were presented. 


5] Stanton, F, i, Fieldner, A. C., and Selvig, W. A., work eited in foot~ 


., 20te 8, De 7, 
ey) Sinner, K. G., Equations and Quadrant Charts for Determining Heat Bal- 


ance of Kilns Using Solid or Liquid Fuels: Jour. Am. Ceram. Soc., vol 
ce, March 1939, pp. 72-82. : | " 
TEQS 
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The selection of suitable coal for ceramic kilns and the process 
used or, conversely, the adaptation of the design of furnaces and the . 
method of burning coal in them to suit the coals that are available have 
been studied,{1/ Equipment and procedure of tests, coals used, and de- 
sign of furnaces are described in relation to test data obtained, and 
general conclusions are based on these data. 


Burning Characteristic of Anthracites 


The burning characteristics of six anthracites covering a wide 

range of volatile matter from different districts in two of the fields 

of Pennsylvania were determined for carefully rescreened commercial sizes 
in @ special hand-fired (overfeed) furnace. at domestic rates under in- 
posed controlled scuntaiee Brief conclusions show that (1) if the 
physical characteristics of the anthracites and the fusion temperatures 
of the ash are approximately the same, the ease of pick-up increases with 
increase of volatile matter and the average rate of burning is affected 
little by volatile content, except that differences in pick-up lengthen 
or shorten the time required to reach a steady state of burning: (2) 
large differonces-in quantity of ash or its fusion temperature affect 
the burning characteristics; (3) the physical characteristic of anthra- 
cites that most influences the burning characteristits is whether the piec 
when heated retain their size or split or break into smaller pieces; and 
(4) 4f the pieces break up in the fuel bed the’ burning characteristics 
Gone eayoes, to those of a fuel of a smaller size than that firede 


Ganbasbign on Ovorfecd and Underfeed Donestic Stokers 


The overfeed ree bouts described in the eepork of last yearLal 
have been continued, Results of tests on coals from the Southport and 
Alpine mines of the Coos Bay coal field have been putlishea.l*/ The 
equipment used was the same as that referred to lass yzar, Two tests 
were made on each coal — one with the stoker feed-gate set for inter-— 
mediate rate and the other at maximum rate. Owing to the coarse size of 
the two coals, however, the intermediate-rate test on each coal corre. 
sponded to the minimm-feed rate with other coals previously tested in 
smaller sizes. Over-all efficiencies of 78.2 and 69.5 percent were ob— 
tained on the overfeed stoker—boiler combination with the Southport coal 


1/ Rice, W. E,, and Austin, C. R., Burning of Coal in Down-Draft Cera-— 
mic Kilns and Burning Characteristics of Some Ohio Coals: Bureau of 
Mines Tech, Paper 598, 1939, 34 pp. 

T2/ Nicholls, P., and Landry, B. A., Burning Characteristics of Anthra~ 

- cites: Trans, 2d Ann, Anthracite Conf., Lehigh University, Apr, 28-: 

_ 1939, pp. 11-26, 
oy Fieldner, A, 0., work cited in footnote 24 p.15. 
Yancey, H. F., Stoker Tests on Coos Bay Coal by Northwest Experiment 
Station, Federal Bureau of Mines, Seattle, Wash.: "Progress Report 
on Coos Bay Coal Field," Oregon State Dept, Geol. and Mineral Indus~— 
tries, Bull. 2, 24 ede. May 1939, appendix, pp. 14~15, 
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wien 12,1 and 21,5 pounds of coal were burned per hour, respectively, 
Alpine coal had an over-all efficiency of 74.9 and 71.3 percent at burn- 
ing rates of 12.6 and 21.7 pounds of coal per hour, respectively, The 
iswer efficiency of 69.5 percent for the Southport coal at its maximum 
rate of burning, 21.5 pounds of coal per hour, was due to too small excess 
of air supply. The chief difference in behavior of the two coals was in 
tre character of the asnes produced, Southport coal had an ash-softening 
temperature of 2,170° F. and formed larger, more completely fused glassy 
clinxers than the Alpine coal, which had an ash-softening temperature of 
2,700° F. and formed smaller friable clinkers with much porous ash, The 
results showed that both coals could be used efficiently for house—heating 
purposes with equipment lixe that used in the tests. 


During the fiscal year 14 burning trials were made on the overfeed 
and 20 on the underfeed stoker~boiler combination with coals ranging in 
rank from medium—volatile bituminous to lignite. Because ashes may be 
renoved from the ashpit in the usual way, the overfeed stoker is suitable 
for burning low-rank, noncakiug coals of low-, medium, and especially high- 
ash contents, The underfeed stoker is desirable for both caking and non- 
ceking coals, but because clinkers must not be allowed to build up too 
rich in the fuel bed, coals of low ash content are preferable, High over- 
al efficiencies have been obtained with both types of stokers at burning 
rates up to 20 pounds of coal per hour; 75 percent efficiency is common, 
Ordinarily, low-rank subbituminous coals and even lignites may be burned 
nearly as efficiently as the higher-rank coals, but the heat output is 
less in proportion to the reduction in heating value. 


The possibilities of both static and dynamic pressures must be con-~ 
sidered in the interpreting pressure data obtained in tests of underfeed 
stokers in power plants, Similarly, the meaning of gas-analysis data is 
definite only if the air rate is constant and the contour of air flow in 
relation to that of the fuel bed from front to back is known. Considera~ 
ton must be given to feed conditions ond distribution of the coal in the 
fel bea. T5/ | 


* 


Combustion on Iraveling Grates 


The burning of solid fvels under conditions closely simulating those 
‘revelling in fuel beds on large traveling grates is being investigated. 


The furnace consists of a fircpot lined with a 5—inch thickness of 
light-weight refractory and »rovided with a 20-imh square grate with a 
ecssible maximum fucl—bed thickness of 8 inches, The firepot is of welded 
construction with two flanged openings to tne ashpit, one for the door and 
Ihe for connection to the supply of air, <A flue on one side leads to a 
sor t water-cooled stack, from which gas samples are dravm continuously 


</ Nicholls, P., Discussion of "The Fuel-Bed Tests at Hell Gate Generating 
Station" by M. A, Mayers: Proc. 234 Fuel Eng. Conf., Apvalachian Coals, 
Ince, Cincinnati, Ohio, May 5, 1938, 4 pp. (mimeographed),. 
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during a test, Two interchangeable tops are hung from corner posts in 
such a manner that they may be quickly swung over the furnace end lowered 
into a mercury seal, 


The "ignition™ top contains six globars set in a refractory. The 
whole cover is gas-tight when it is in place over the furnace, When the 
"inition" top is in its off position it faces a water-cooled plate, which 
absorbs some of the rediated heat while’ the top is being heated, Power 
is supplied to the ignition top so as to give a radiating temperature of 
2,400 F, under the conditions of the tost. For high-temperature coke at 
high air-supply rates, 2,3009 F, is a safer rating. Two poreclain-pro- 
tected rare—metal thormocouplos are so placed in the ignition top as to 
give an average of the radiating temncrature of the globars and refractory 
surfaces, The other cover is refractory-lined, with a water-cooled chimne;} 
in its center, When it is in place over the furnace the side stack of the 
furnace is closed. When this "refractory" top is in its off position it 
forms the cover of a gas-fired furnace, which can heat it to any desired 
temperature before it is brought over the firepot. 


fhe primary air is supplied by a motor-driven fan with an aveilable 
pressure head of 12 inches, Tie air passes through a special (central~ 
opening, regulating) damper, an orifice, a preheater, and then to the fur- 
nacee All joints are air-tight, and close regulation of the air is possib 


Temperatures in the fuel bed are measured by thermocouples placed at 
known heights ~ one on the ton, ore on the grate, and others at intermedia 
heights. . 


To carry out a test, the ignition top is raised to temperature when 
in its off position, and the time at which it is quickl, transferred to 
the charged furnace marks the beginning of the test. The fan is started 
and the air-supply rate brongntto tnat selected for tne test. The fuel 
bed is ignited by radiation from the ignition top. As the temnerature of 
the bed rises during cown-burning of the fuel, tne power nceded by the 
"ienition™ top to maintain its temperature decreases, ‘With some fucla 
and air rates the heat radiated by the bed becomes greater than that of ts 
top, ond power required to maintain its temperature becomos zero, Ttis 
fixes the time when the ignition ton is revlaced by the preheated refrac- 
tory top. When the heat radiated by the bed is not enougn to reduce the 
power reovirements of the ignition top to zero, the time of changing the 
tops is fixed at some other condition, such as the plane oF ignition 
having reached a certain depth downward from the top of the fuel bed, 
Other criteria for fixing this time are when the carbon dioxide indicator 
shows the maximum content of this gas in the stack and visual observation: 
of the fuel bed through a peephole in the furnace, Flue gas is drawn fror 
the stack continuously, sampled, and analyzed. 


The tests to date have been with closely sized coke, Figure ll is a 
plot of the rate of travel of the plene of ignition dovmward through the 
fuel bed against the rate of air flow, The rate of travel of ignition fo: 
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een size increases with air~flow rate to a certain maximum and then falls 
rcpidly until combustion cannot be maintained, The limiting rate of flow 
i air increases with decrease in the mean size of the coke. However, as 
xs size of the coke decreases, the air rate at which the fuel bed begins 
<2 "oil" decreases, namely, when excessive fuel.is lifted from the bed. 
Tis action destroys the uniformity of the bed, and results are less re~ 
‘table, Thus, the tests with the 1/4-inch to 1/8~inch size could not. be 
carried beyond an air rate of 250 pounds per square foot of grate area per 
Pile: < 


Coke as a Domestic Fuel 


i good features of coke as a domestic fuel and recommends ions for 
=< ficient and economical firing practices were discussed,£° 


Properties of Western cies 


A comparative investigation of the paysical and chemical properties 
commercial cokes procuzed or used in Washington nas been mede by the 
Tertawest (Seattle, Wash.) Experiment Station, in cooperation with the 

liege of Mines, University of Wash EN 2) 


Tae physical and chemical properties of 14 cokes from Washington, 

3 from Britisn Columbia, and 1 each from Utah, Pennsylvania, Enzland, and 
xTleny were cetermined by standard methods of test. All cokes were pro— | 
iced on an industrial scale by commercial processes, Eleven cokes wore 
c2chive, 5 byproduct, 3 retort, and 2 low-temnerature. The foreign cokes 
fre included for comparative purposes because small amowts reach the 

stts of Washington, The sample from PUEREAN ERTS: a low-temperature coke, 
s used for reactivity tests only. 


Tests on the 20 other cokes included proximate analysis, heating value, 
fur, phosphorus, softening temperature of the ash, apparent and true. 
ere gravity with calculated cell space, shatter and tunbler with cal- 
“~ated friability factors, reactivity, and ignition—tcempcrature determina~ 
--ca3, The first four determinations listed and the agglutinating—value 
‘cst were made on 17 of tae corresponding coals used to produce these coxes, 
series of the coals from England and Germany and of one coal from Washing- 
“= were not obtainable. The same four determinations, in part, were carried 
“st on the Pennsylvania low-temperature coke, a willow charcoal, a Washington 
“athered subbituminous coal, a Washington bituminous coking coal, a Penn 
slvania anthracite, and an electrode carbon, These lattvr samples were 
ued for reactivity tésts only for comparison with reactivity results ob- 
“ined on the 20 commercial cokes. 


c/ Nicholls, oke as a Domestic Fuel: 
1333, DDe 32-33, a 

Tj Yancey, H. F., Zenc, Re B., Fatzinger, R. W., and Key, J. A., Physical 

ari Chemical Properties of Cokes Made or Used in Boren Bureau 

of Mines Tech, Paper 597, 1939, 44 pp. . 
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Reactivity in air wos measured by two methods, One was a modifica 
tion of the method used by Kroulen, and the other was a new method develope 
for the work, The modified Krculen method has several disadvantages that | 
prevent satisfactory comnerison of results on samples covering a wide range 
of reactivity. The wcthod makes use of too small a sample to complete the. 
test with materials of high reactivity, such as charcoal, Moreover, the 
samples are of such fine size (100-to 200-mesh) that surface and porosity 
characteristics are destroyed to a considerable extent, thus affecting 
seriously the nature and extent of combustibility.. Furthermore, the sur-_ 
face of the coke sample presented to the action of air during the test has 
about three times the arca of the top dimensions of the porcelain boat used 
to hold the sample, Since this latter area is employed in the method of 
calculating the "reactivity index," that is, the number of milligrams of 
carbon dioxide formed in 5 minutes per square centimeter of area at 600° C, 
the "reactivity-index" value appears much larger than it really should be, 
A similar arguncnt applics to "ignition temocrature," defined arbitrarily 
as that at which 10 milligrams of carbon dioxide are formed in a 5—minute 
period per square centimeter of arca of coke exposed, The reactivity in- 
dexes obtained by the modified Kreulen (oxidation with air) method show 
only rough qualitative agreoment with those given by the Bureau of Mines 
(reduction of carbon dioxide) method. 


To overcome the disadvantages cited, a new combustion=-rate method was 
developed. This method consisted in measuring simultaneously the weight~ 
loss in percentage and time in minutes of a legram sample of sized coke or 
coal (through No. 8 and on Noe 12 of the U. S. sieve series) during its _ 
burning in air (1.75 liters per minute) in a 40-mesh, nichrome—wire basket, 
which is suspended inside an electricully heated, standard Fieldner volati’ 
Matter furnace from a specially constructed balance, The air stream was 
broken up and distributed before it reached the basket by passage through 
@ nichrome-wire screen. <A thermocouple whose hot junction was at a point 
within half an inch of the loaded basket measured the reaction tomperature. 


Combustibility results obtained by this new method were expressed in 
cumulative weight-loss percontages, at 5-minute intervals, at 500°, 600°, 
700°, 800°, and 900° 6, reaction temperature. Plots of the cumulative 
weight~loss versus time for the various samples at each temperature gave 

curves whose slopes were measures of the relative rates of burning of the 
-Warious samples for the given reaction temperature, With increasing re- 
action temperatures all samples showed greator combustion rates, although 
the magnitude of the increased rate was not the same for cach samplee An 
improved method of expressing the results of combustion tests employs the 
so-called "50-percent index," namely, the time, in minutes, required to 
burn the sample to half its original weight. During this period, effects 
such as differences in the ash content of individual samples have time to 
modify the results. From the 50—percent indexes the corresponding combus- 
tion rates of the cokcs may be calculated directly, These rates fall in 
en order the reverse of that of their respective 50~percent indexes, but 
are more directly apolicable for comparing the relative combustibility of 
various cokes, , = 
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Although the modified Kreulen method and the new combustion—rate 
=ethod place the cokes in essentially the same order, the latter is sup- 
estor in that the test samples are more representative of the coke inves- 
ticated, the results obtained are more concrete, and the test simulates 
tre actual use of the coke, 


Washington cokes, especially the byproduct and retort cokes, were 

‘omd to be fairly reactive, ‘The two low-temperature cokes (one from 
te neten end one from Pennsylvania) were more reactive, approaching the 
esals from which they were made, At high temperatures, all cokes were 
ewally active and all seemed to burn at the same rate, Results obtained 
ty the combustion-rate method on. two series of cokes produced at 500°, 
£0, 700°, 800°, 900°, and 1000° ©, in the BM-AGA retort from Lower 
Snnyside bed (Utah) high=volatile B bituminous coal and from Beckley—bed 
(¥. Vag) low-volatile bituminous coal showed that average combustion rates 
for the cokes made from the lower-rank (Utah) coal were gonerally higher 
tan for the cokes made’ from the higher-rank (W. Va.) coal. However, 

signer combustion rates, especially at 600° and 700° ©, reaction tempera~ 
tures, are given by cokes from the West Virginia coal when carbonized at 
20° and 1,000° C. Since low~ and medium—temperature.cokes mede from 
“chevolatile or low-rank coals contain relatively more volatile matter 
than similar cokes produced from low—volatile or high-rank coals the com 
vistion rates of the former are higher, At high carbonization temperatures | 
te volatile-aatter content of various cokes does not vary appreciably, © 
ai their rates of combustion are virtually alike. 


The ignition temperature of Washington oo obtained by the modi- 
ried Kreulen method, ranged from 460° to 570° © e, tne higher temperatures 
veing for the Wilkeson cokes, The low-temperature cokes and willow char-— 
coal have lower ignition temperatures, Ignition temperatures decreased 
wita Increasing volatile-matter content. : 


Because of the wide differences not only in tne rank of the coals 
=zie into coke but also because the carbonization processos were different, 
“0 attempt was made to correlate the reactivity and ignition characteristics 


with tac spe¢ific chemical and physical properties of the cokes. 


All Washington cokes have a rather high ash content. Adoption of in- 
rroved methods of coal preparation probably will permit the production of 
27xe of lower ash content, 


Results of physical tests on 20 commercial cokes produced in Washing— 
“n and elsewnere, when compared on the same basis by the standard testing 
=1.0¢3 for evaluating the various properties of coke, show that a number 
sf the Washington cokes compare favorably with those made elsewhere, 


Standard shattcr tcosts on the coke samples demonstrate that strong 
sh resistant to shatter degradation, are made from Washington coals, 
Wlkeson cokes from Pierce County coal have an avez rage 2—inch shatter in- 
lex of 62, which is higher than that of many eastern, southern, and mid- 
western cokes, 
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The bechive cokes from the Wilkeson areca have high stability factors 
(cumulative percentages remaining on 1,05-inch screens)$ that is, they 
are resistant to the breaking effect of the combined attrition and impact 
in the tumbler test. Lower stability is shown by the byproduct cokes 
from Washington and British Columbia, Utah coke had an extremely low 
stability index, even lower than that of the low-temperature coke from 
Washington, Smaller differences are shown by the hardness factors (cum- 
lative percentages retained on a 0.263-inch sieve). Utah coke had the 
highest hardness factor, 68.2; evidently, it is resistant to abrasion, 
though not to impact. Stability ond hardness factors of the Wilkeson 
beehive coke increased with increase in carbonization time. 


The "percentage friability," calculated from all sizes in the whole 
screen analysis of either the shatter or tumbler tests, shows avcrage 
percentage degradation in size instead of the percentage remaining on 
individual screcns,. On the basis of friability, calculated from the 
tumbler=—test results, the cokes are grouped in the following orders: 
Wilkeson bechive, 58.9 to 68.53 Wachington byproduct and retort, 736 8 to 
7700; Utah byproduct, 7929; Washington low-temperature Coaleno, " 86, 1s 
British Columbia byproduct, 55.8; British ges-chamber, 76.9: English 
byproduct, 42,6; and German byproduct, 39.3 percent. 


Tumbler tests for a number of eastern and southern cokes were con- 
pared with those reported in the literature, Washington cokes are more 
resistant to breaking into small picces but less resistant to abrasion, 


Utilization of Coal-Mine Refuse 


Coal~mine refuse from Mary Lee and Corona coal beds in Alabama have 
been investigated as to their suitability for industrial materials, The 
proposed uses thus far studied are (1) as an activated char for water- 
purification purposes; (2) a decolorizing agent for mineral oils; (3) 

@ base exchanger for water softening: and (4) a soil conditioner for 
agriculture, Instead of using the coal refuse as a whole, it was found 
more practicable to fractionate, by tabling, into a number of specific- 
gravity fractions, 


In preparing an activated char, the refuse was first charred at 

500° C. in a closed retort, then enone to a fine power, and finally acti 
vated with steam at 750° to 950° C, in a large quartz tube. The optimum 
conditions for carrying out these operations varied with the quality of 
the original refuse, The degree of activation of each product w2s measur 
by the phenol absorption test. The results obtained indicated that the 
lower the ash of the refuse, the more active the char as measured by the 
phenol number, The mineral matter in the refuse acted as a diluent and 
no test made thus far has showm any evidence of its activation, Activati 
with zinc chloride instead of steam (the exccss being washed out by means 
of strong hydrochloric acid followed by water) also indicated promising 
results, 
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Contact clays activated by means of chemicals are one type used for 
Socolorizing mineral oils. <A study of the composition, together with the 
s““act of various heat treatments, of different specific-gravity portions 
- cocel refuse showed thet the high~ash fraction responded most favorably 
+) chemical activation, The best result was obtained by treating the high- 
esr portion of Mary Lee-coal refuse with a dilute solution of ammaniun 
rn-droxide, followed by a dilute wash with phosphoric acid in the presence 
-fa salt, such as aluminum phosphate, This treatment gave a product 
sie decolorized oil about 75 percent as well, at room temperatures, as 
ond commercial activated clay, At higher temperatures, however, the 
tivated coal refuso lost most of its effectiveness, whereas the effective- 
s of commercial clay increased, All attempts thus far to improve the 
sivity of the coal refuso above room temperature have pee unsuccessful, 


mn ae wv 


te 


The exnverimental work on coalemine refuse as a base exchanger for 
mcer softening has clearly indicated that both the clay end the coal in 
‘-c refuse have basc-exchanging properties, but that the coal was the bet~ 
‘or of the two. High-cosl fractions of the refuse were digested with 
rifurie acid at 100° C, The acid-treated product (hydrogen base exchanger) 
vas then converted with dilute alkali under a stean pressure of 1] atmos- 
c.cres into a sodium base cxchanger. Corona-coal refuse, containing 11 
cercent ash and 89 percent fixed carbon and volatile mattcr, gave a sodium 
tase-exchange capacity of 5,500 grains ver cubic foot compared with 3,000 
mains per cudic foot for Mary Lee coal refuse containing 19.5 percent 
arn and 79.5 percent fixed carbon plus volatile. These capacities are for 
ra79 hardness water. Part of tne difference in capacity may be attributed 
-? the variation in the coal content, and part, perhaps, to the nature of 
Se coal itself. The hardness of the raw or test water used was 30.5 
ecins ver gollone 


Artificial darkening of a light-colored soil by adcition of black-coal 
refuse (1) to increase absorption of the sun$’s rays and consequently main- 
vain & higher temperature to promote growth of crops in early svring and 
2) to decrease reflection of the sun's rays by the soil to eliminate tip 
“<Ining of certain plents are intcresting agricultural possibiiities, Coal 


“fuse is being investigated as a potential source of available humic acid 
«3 serve as a fertilizer for soils. 


Survey of Carbonizing Properties.of American Coals 
Results of the investigations of the BM-AGA survey of the carbonizing 
rrecerties and acd aa composition of 8 coals (numbered U7 to 54, in- 
causive, in the survey), 14 blends prepared from these and two By ewe 
rials, and 6 oxidized coals were described ia! last year ei8/ Publica~ 


ee 
i:/ Tielaner, A. C., Work cited in footnote a, ps 15. 
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tions covering the details of these investigations have been igeuba le! 


The survey was continued during the present fiscal year and has in 
cluded work on 6 coals (designated 55 to 60, inclusive), 8 blends, and 2 
blending coals, | : 


Laboratory low- and high-temverature carbonization assays were made 
on coals 55 to 59, and agglutinating values were obtained for the same 
coals and their 10 blends. | 


Table 2 gives the sources of the six coals and of the two coals used © 
with them in blend tests, together with the ranks, analyses, and heating _ 
values of these 10 coals and of the & blends tested, Coals 55, 58, and 
60 are medium—volatile and coals 56 and 57 low-volatile bituminous coals, . 
Coals 28 and a36, used in vreparing the blends, are high-volatile A coals, - 
Coal 59 is high-volatile A, but high in that renge of rank, All these 
coals are classed as bright; howover, the Alma (a36) coal contains 25 
percent svlint and 14 percent semisplint coal. All contain loss than 
9 percent ash (dry basis), and their sulfur content is such that they pro-- 
duce coke containing 1.3 perceat or less sulfur; they aro of suitable grade 
therefore, for manufacture of blast-furnace coke. Consistent with their 
rank, tho medium- and low=-volatile coals give high yields of blocky coke 
end moderate yields of byproducts. Coals 55,.56, 57 and 60 are strongly 
expending. Although coals 58 and 59 showed contraction in the expansion 
test ovens (see table 8) they deformed the BM-AGA retorts, and caution 
probably should be used in charging them alone in a coke oven. 


Table 3 gives the yields of carbonization products obtained for coals 
55 to 58 inclusive, for blending coals a36 and 28, and also for the bdlends. 
The table shows thnt coals 55, 56, 57, and 58 give low yields of tar and 
light oil and high yields of coke comnared with high-volatile blending 
coals 28 and a36 and the blends in which 70 and 80 percent of coals a36 
and 28 were used, Tne differences in yields of gas on the volume basis ar 
not large, out on the basis of heating value of gas per pound of coal car- 
bonized it is clear that the hign-volatile coals and blends have a decided 
advantage. Those results are consistent with differences in rank of the 
coals as measured by the proximate analysis. Tho more volatile matter 
liberated during the laboratory analysis, the more volatile carbonization 
products are. to be expected when allowance is-made for differences in 


Fieldner, A. C., Davis, J. D., and others, Carbonizing Properties and 

Potrographic Composition of Washed and Unwashed Lower ond Upper Kit- 
tanning-Bed Coals from Mines 72 and 73, Johnstown, Cambria County, Pa. 
Bureau of Mines Tech. Paper 595, 1939, &3 pp. 
Davis, J. D., and Parry, V..F., Carbdonizing Proverties of a Subbitumi: 
Coal from Puritan Mine, Dacono, Weld County, Colo.: Bureau of Mines 
Rept. of Investigations 3428, 1939, 32 pp. | 
Fieldner, A. C., Davis, J. D., and others, work cited in footnote 18,: 
Fieldner, A, C., Davis, J. D., and others, Carbonizing Properties and 
Petrographic Composition of Pond Creek Bed Coal from Majestic Mine, 
Majestic, Pike Count:, Ky.s Burcau of Mines Tech. Peper 596, 1939, 4 
Fieldner, A. C., Davis, J. D., and others, work citod in footnote 19, 
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TABLE Ceo Analysns of coals, as carbonizca+ 


t-01 55 = Sewell bed, -Wyoming mine, Wyoming County, W. Va. , 

tal 56 = Pocahontas. No. 3 bed, Buckeye No. 3 mine, Wyoming Sounty We Yay 
sal 57 -‘Pocahontas Noe ‘bed, No. 4 mine, Raleigh County, W. Vaw -. = |. 
(cal 58 ~ Lower Benner bed, Keen Mountain mine, Buchanan County, Va. - 

ciel 59 = Upver Freeport bed, No. 21 mine, Monongalia County, W. Va, - 

dal 60 - Lower’ Freeport bed, No. 9 mine, Indiana County, Pas 3 

vcal a36 — Alma bed, Red Jacket mine, “Mingo County, W. Ya. 

Coal 28 Pittsbur eh bed, Warden mine, Allegheny County, Pa. 


ribrat-[Wotst, Prorimate, 
nineral-|Moist, : | | . Ultimate, percent Heat— 


natter— |mincral~ -| ing 
free, matter— value, 
= fixed free Bete. 
carbon |Be tee ? ‘per 1b 
; 77-5 | 15,450 Led 1h, 950 
aa oH 15,230 y 14,550 
53 65, 15, 220 5 14,570 
= 81.7 115,520 | 1.6 1.2| 3. 14; 400 
Sok 66,0 154150 1.6 1.5 | 7. 1) 200 
cB 67.8 425,140 1.6 lot | 6. 14. 160 
7 83. 15,510 | 1,4 163 | 3e 14. 300 
74 66. 15,130 1.5 1.5 | 6. 1, 170 
oT? 68,2 115,200 1.6 1.5 | 5. 4, 210 
38 76,9 = |15,390 | 2,5 1e2| 4, 152960 
“84 64,9 15,180 1.7 1-5] 66 160 
563 60,0 15, 140 1,8 1.41 7. 14, 110 
$ 67.7 |25,080 | 2 1.4] 7.4 13, 690 
C0 73.5 15,400 1.3 | 5.3 14, 310 
2564 60.4 115,190 14, 460 
2 61.8 115, 00 14, 200 


1 analyses by H, M. Cooper, chemist, Bureau of Mines. 

2 Coal 554 contains 80 percent and coal 55B contains 70 percent Alma bed 
coal (No, a36); coals 56A, 57A, and 584 contain 80 percent and 56B, 57B, 

and 58B contain 70 percent Pittsburgh bed (Warden mine) coal (No. ay. 

Resampled July 16, 1938, and used in blending with coal 55, 

Used in blending with coals 56, 57, and 58. 
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TABLE 3, ~ Yields of carbonization roducts obtained 


at 900” C, in the 18-inch retort j 


Coal 55 ~- Sewell bed, Wyoming mine, Wyoming County,-W. Va. | | 
Coal 56 ~ Pocahontas Noe 3 bed, Buckeye No. 3 mine, Wyoming County, ¥. Ya, 
Coal 57 - Pocahontas No. 4 bed, No. 4 mine, Raleigh County, W. Va. 

Coal 58 - Lower Banner bed, Keen Mountain mine, Buchanan County, Va. ~ 
Coal a36 — Alma bed, Red Jacket mine, Mingo County, W. Va. | 
Coal 28 — Pittsburgh bed, Warden mine, Allegheny County, Pa, 


‘Yields per ton of coal 


Gas, ' | Light oil 
cubic | Tar, in gas, 
fect callons| gallons | 


(NH) >SOy,s 


pounds 


10, 650 1652 
10, 850 17.5 
10, 650 18,2 
10,450 13.4 
10,550 21.8 
10,450 19,2 
10, 250 145 
10, 650 21.0 
10,500 20,1 
10; 150 15.2 
10, 450 22,4 
10,450 — e2el 


17.4 


11, 050 


10, 650 19.0 

1 Coal 554 contains 80 percent and coal 55B contains 70 percent Alma bed 
coal (no. a36); coals 56A, 574, and 58A contain 80 percent and 563, 571 
and 58B contain 70 percent Pittsburgh bed. (Warden mine) coal (no, x 

2 Resampled July 16, 1938, and used in blending with coal 55, 

3 Used in blending with coals 56, 57, and'58. © 
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carbonizing conditions between the volatile matter and carbonization tests. 
Teese medium— and low—volatile coals yield little ammonium sulfate. The 
reason for this is not that they contain less nitrogen than do the high- 
volatile coals and blends (see table 2), but that the two latter give com 
paretively high yields of liquor, and it is known that yields of ammonia 
ere improved by carbonization in the presence of water vapor. 


Table 4 gives the shatter and tumbler indoxes, which indicate that 
the cokes from these mediun—volatile and low-volatile coals are among the 
strongest tested in the BM—~AGA survey. The blend cokes from charges con- 
taining 80 percent high-volatile coal invariably are weaker than those from 
the unblended charges, but when the proportion of high-volatile coal is re- 
cuced to 70 percent in the blends, the strength of the coko approaches 
closely that of coke from 100—percent. low~ or medium~volatile coal. ‘The 
1200-percent charges deformed the BM-AGA_ retorts more or less, and therefore 
coking must have teken place under pressure for at least a vart of the 
coking period. One might expect the coke to be compacted somewhat by this 
pressurc, As a matter of fact, the apparent specific gravity of these 
cokes is higher than that of the blends, with which deformation of the 
retorts did not occur, | 


The four completed investigations on the coals and care ein in 


the sa) 6 survey during tne fiscgl year have beon published, are in 
pressOl/ or in manuscript form. £2/ a 


Composition of Coal Tar and Light 011 


Bulletin 412, Composition of Coel Tar and Light O11, reviewing the 
vublished information and including a selected bibliography on the chemical 
end physical properties of light oil end coal tar prodyced under both low 
and high-temperature conditions, has been pepeistea o3)- 


Effect of Conditioning in Coking Properties of Coal 


Representative samples from seven coal beds were subjected to accel= 
erated weathering tests in air at 99. 3° ©, in the apparatus. described 


80/ Fieldner, A, C,, Davis, J, D., Selvie, W. A., Brower, R. E,, Holmes, C, R., 
Reynolds, D. A,, and Sprunk, G. C., work cited in footnote 20, p. 10, 

8/ Ficldner, A, C., Davis, J, D., Reynolds, D, A., Schmidt, L. Dy Brewer, 
R. E., Sprunk, G. C., and Holmes, C. R., work cited in footnote 21, pe 10, 

32/ Fieldner, A, C., Davis, d. D., Reynolds, D. A,, Brewer, R. Ee, Sprunk, 
G. C., and Schmidt, L. D., Carbonizing Properties and Petrographic Com- 
position of Lower Banner Bed Coal from Keen Mountain Mine, Buchanan 
County, Va., ond the Effect of Blending This Coal with Pittsburgh Bed 
(Warden Mine) Coal: Bureau of Mines Tech, Paper 616 (In press). 

3/ Fisher, C, H., Composition of Coal Ter and Light Oil: Fuel, vol. 18, 
May—Oc tober 1939, ppe 146~153, 171-179, 213-219, 29—25}}. 266-270, 

305-310. 
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creviously.e gh/, 85/ Table 5 gives the sources and characteristics of the 

eels tested, Coals 54, 52, and 53 are high-volatile A, coals 58 and 55 

nt Sen eae end conls 56 and 57 low-volatile bituminous: in rank, 

mato > 6 shows their relative rates of oxidation expressed on four different 

ee Comparison of the data given in the two tables shows that the rate 

-* oxidation in general decreases with decreasing volatile~matter content, 
r, more regularly, with the decreasing oxygen content of the fresh soni. 

- respect to storing aualities, it should be dbserved that the coals that 

crijize the more rapidly also show lower friabilitics, so that the one fac~ 
sor tends to compensate the other, 


TABLE 5. —- Sources and characteristics of coals tested 


Ksh- and 
moisture~—free 
Volatile Fria- Ageluti- 
-2al matter, Oxyzen, | bility, | nating ay 
o Bed Count; state | percent | percent | perceat| value keg. 
- High Splint Harlan Ky. 39.9 88 14.4 2.6 
re) «=~ Pittsburgh Allegheny] Pa, 40,0 T,0 Cfel cs 8,4 
33 Pond Creek Pike Ky. 34.7 59 31.0 82 
°? Lower Banner | Buchanan | Va. | 24,0 248 50—96 563 
-= Sewell Wyoming |W. Vae| 22.8 268 62,2 6.7 
=“: Pocahontas 
Noe 3 do. dO. 18.9 203 68,4 Sel 
"7 Pocahontas 
No, 4 Raleigh do. 18.5 206 ar 6.2 


Crushing strength, tm kilograms, with a ratio of silicon carbide to 
coal, 1581. 
crushing strength, in kilograms, with a ratio of sand to coal, 15:1. 


[mw 


fieldner, A, C., work cited in footnote 24, p. 15, 
Scanidt, L. D., and Elder, J. L., Atmospheric Oxidation of Coal at 
Modorate Temperatures. I, Rate of the Oxidation Reaction for Rep- 
resentative Coking Coals: Ind. and. Ing. Chem., vole 32, 1940, pp. 249-256, 
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TABLE 6, ~ Rate of oxidation of coal (minus 1/4—inch) in air at 99.3° ¢. 


Oxyzen consumed 


Coal Noe MEDEA OCW CaRO DS wa Oe eeee Rael. DE bec 534 5S 1 55: So. | f 


At end of first day (percent by —_—-T 
weight of dr:’, mineralemattcr~free 
coal per day) SORE COHL ECE O CHOSE LEC? 


0.42] 0.28] 0.25] 0.24-/0.21/0.18| 0,24 


At end of first day (grams of oxygen. 
per scuare meter of coal surface 
Der 027)! bawcksuewe weet cee reseae 028 

After 1 percent oxygen has been con~ 
sumed (percent of dry, mincral~ 
matter-free coal per day) eccccces 


After 1 percent oxygen has bcen con-. 
sumed (grams of oxygen per square 


meter of coal surface per day) ee. 020 


Table 7 shows the effect of oxidation on the carbonizing properties of 
the seven coals in the BM—AGA 18-inch retort at 800° C, Tho carbonization- 
test rosults show that tho amount of oxygen required to cause a 20-percent 
reduction in coke nardness ranges from 0.8 percent by weight of dry, miners 
matter-free coal for coal 57 (Pocahontas No. 4 bed) to 2.6 percent for coal 
52 (Pittsburgh bed). Tho corresponding periods of oxidation of these coals 
in air (20.93 percent oxygen) at 99.3° C. before coking were 3.6 and 11.8. 
days, respectively. The results show further that the agglutinating value, 
yield of tar, end heating valuc can all be used as measures of the extent 
of preoxidation of the coal, In general, coke stability, shatter index, a 
extent of fusion vary in a manner similar to the hardness of the coke. 


Figure 12 shows the effects of preoxidation of the seven coals upon 
their coking pover, ‘The lower figure in.each photograph indicates the ex- 
tent of oxidation, namely, the amount of oxygen consumed expressed as per-~ 
cent by weigit of the coal (dry, mineral-matter—free basis), In this figu: 
the sections that are roughly triangular show typical coke pieces (one- 
eighth actual size) as talen from the retort. The rectangular sections 
(three-fourths actual size) show the fine structure of the coke. The first 
effect of oxidation is to reduce the size of the cclls or pores; further 
oxidation produces a pebbly coke because of inadequate fusion of the charg: 
As indicated by the shape of the typical coke pieces, some coals were 
oxidized until, upon caroonization, only a 2-inch or 3~inch shell next to 
the heated wall of the retort was fused, the romainder of the retort being 
filled with granular cokee It is ovident that this part of the charge did 
not become plastic during the coking process. 
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TABLE 7. — Amount of oxygen required to cause 20 percent reduction 
in hardness of coke produced and corresponding cffect 
on other carbonizing properties 


Coal Nos veecscceccvcvcnsvcsavcresecal SY [52 153 152 155 [50 


Ce ee Se 


ness (percent by weight of dry, 
mineral-matter—free coal) SeOovreves 1.4 2.6 Cee Cel 1.8 Lek 0.3 


corresponding number of days oxida~ | 
tion in air at 99.3° Ce. @coccecoereecr Jeu 11.8 11,5 11.6 11.3 1) 3.6 


urresnonding percentage decrease 
in heating value of Coal esesececes| 000/21] le? | 1e3| 13 oh 
Corresponding agzlutinating value 
(ke. @eseeeevnevveeneeseaeoveeseeoevves 1.6 6.1 469 304 3ec 308 4e2 


Corresponding coke stability (per- 
cent on l-inch screen after 


tumbler) @eseveevsvseeoveseeoeoveseeoseeeeseeente 20 29 U7 Ug 
Corresnonding coke stability (ratio 

to value for fresh coal) @eseeereoee ell ott off Py (=) 
Corresponding coke shatter index _ 

(percent on 1~1/2-inch scroen)e....| 59] 75| 83 88 
rresponding shatter index (ratio 

to value for fresh coel) sesceccers oO] 2) oe 


Corresponding tar yield (percent | | 
by weleht of coal) @eeeseeovoveneren 6.8 6,4 Del Cod Ceol 1.8 1le/ 


Crresnonding tar yield (ratio. to 
value for fresh coal) @eeeovovesvecen 03 o& 063 


rrespondihg percent unfused coke 
froa retort (percent passing 1l~ 
inch screen) Ceoceeereseeseeeeevess 29 Coe 506 
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Gas Pressures in Uncoked Portions of Charge During Progress of Coking 


Gas pressures develoved in the uncoked portions of the coal charge have - 
been measured while coking is in progress in the cylindrical BM-AGA retortee 
The manner in which these pressures develop is described. They increase -—- 
irresularly as the plastic coal layer moves to tne middle of the retort and 
reach a maximum at the tine the innermost coal attains the plastic state. 
For the coals investigated, maximum pressures vary according to the rank of 
the coal, increasing with decrease of volatile matter in the coal. The 
maximum gas pressure developed in the carbonization of low-volatile coals 
is not greatly changed by the temperature of carbonization, provided the 
heating rate is rapid enough to insure a continuous plastic layer. The E 
maximum pressures developed in carbonizing medium- and high-volatile coals 
decrease as the temperature of carbonization is increased, These pressures © 
may contribute to the expansion of the chargo by opposing the escape of the » 
volatile matter from the layer of plastic coal inwardly to the zone of un- 
carbonized coal, It has been observed that with high pressures within the 
plastic seal the retorts are deformed, Figures 13 and 14 show the magni- 
tude and variation of pressures for representative high-, medium—, and low 
volatile coals (Pond Creek, Sewell, and Pocehontas No. 3, respectively) - 
carbonized at 600° and 900° C., respectively. Figure 15 illustrates the 
extent of deformation of the retorts with low- and medium—volatile coals. 
The low-volatile coal deformed the retort 2.8 percent end the medium—volati? 
0.3 percent. - a ee ee 


Determination of the Swelling Properties 


of Coals During the Coking Process 


Apparatus and procedures used by the Bureau of Mines for er ers 
the swelling or expanding properties of coals have been describdcde. The 
same test methods were used during the present year for determining the 
expanding properties of cgals studicd in the survey of carbonizing proper- 
ties of Amcrican coals.88/ In addition,’ tests. were macc on seven coals 
submitted by Subcommittce XV of the Amorican Society for Testing Materials 
Committec D-5,89/ The ranks, proximate analyses, and results of expansion 
tests in the solo—heated and slot ovens for the toals tested are given in 
table 8 The coals are arranged in the order of increasing rank. It is 
evident that coals of hign rank gencrally expand more than those of lower 


86/ Reynolds, D. A., and Birgo, G W., Gas Pressures Within the, Uncarbonize 


Part of a Coal Charge Undergoing Carbonizations Ind. and Eng. Chen., 
vol. 31, 1939. (In presse) — | | 

87/ Auvil, H. S., and Davis, J, D., Dotcrmination of the.Swelling Proper- 
ties of Coal During the Coking Process: Bureau of Mines Rept. of Inves! 
gations 3403, 1938, 18 ppe3 Fuel, vol. 17, Novomber 1933, ppe 335~348, 

&8/ Auvil, H. S., Davis, J. D., and McCartncy, J. T., Expansion of Coal 

‘During Coking: Burcau of Mines Rept, of Investigations 3451, 1939, 

Cl Upe 

89/ American Society for Testing Materials, Report of Committee D~5 on Coa’ 
and Coke: Proc., vole 38, pt. 1, 1938, ppe 409-11, 
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Figure 1%.- Pressures developed by coals of varying rank at 900° C. in 


Figure 13.- Pressures developed by coals of varying rank at 600° C. 
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33.0-cm. (13-in.) retort tests. 


33.0-cm. (13-in.) retort tests. 
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rank, although the relation between rank and expanding propertics is far 

from lincar, It is indicated, therefore, that a rough idea of how coal 

will expand (or contract) in a coke oven can be gained from its rank, but 

that a close estimate can be obtained only by direct measurements of expan= 
sion, For example, it is generally considered that a coal that expands 

nore than 2 percent under test should not be charged in a modern tall coke 

oven without a mixture of 2 contracting coals; table 8 shows that coals of 
virtually the same rank may cdiffcr more than 2 percent in expanding propertics., 


TABLE 8 - Analyses and expanding roperties of coals 
(Arranged in order of increasing fixed carbon) 
Dry mineral- 


matter~free 
fixed 


Expansion at 55.5 
pounds bulk dens- 
ity per cubic foot, 


Proximate analysis, as 
carbonized basis, vercent 


“9 wack Ash |Sole~heated ia 
P-14 38.0 | 55.6] 3.4 ~ 6.7 ~ 8.4 
el 59.9 3705 | 55.5 | 307 ~ 866 ~ 963 
P.-12 60.4 3302 | 48.8 110.5 ~ ToT. ~ 8,0 
42 61.8 36.0 | 5763 | 5e2 Ary - 
pce 62,2 Be | 57d] 57 | 9. H1503 - ~ 
P-7 64.6 32,0 | 56.8 | To7 ~ 9.4 ~ 83 
3 6661 31.9 64.1 | 43 ~ 6.6 ~ 7,6 
4 66.3 32.4 | 62.9 | 2.9 = ~ 44 
9 6767 2903 59.6 | 8.3 ~ £oed < 
P-13} 7302 2508 | 69.6 | 2.8 + 9.4 +1364 
“) 7305 24.9 66.7 | 6.4 42268 ‘i 
58 76.9 2L4 | S18 | S33 ~ 642 - 
5 T1e5 21.8 | Sef | 209 +1167 +16,8 
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No empirieal test, such as those used by the Bureau of Mines to deter- - 
mine expanding properties, will give results applicable to all industrial | 
coking processes, because carbonizing conditions vary for different processe. 
and also in different installations of the same process. However, there are’ 
factors fundamental to carbonization, which, if varied.either in the coke 
oven or the test apparatus, will affect expansion results; investigation of 
such factors is therefore a part of this study. The factors (or variables) - 
studied so far include effect of rate of heating through the plastic range, 
effect of bulk density of the charge, and effect of shrinkage of the coke, 


Figure 16 shows that,- in general, increased rate of heating through 
the plastic range of temperature increases the expension of expanding coals 
and the contraction of contracting coals, However, the magnitude of the | 
effect varies for different coals, | 


Goal exparids during coking only when it is in the plastic state, With 
granular coal ordinarily charged industrially, obviously the first expand~ 
ing effect is the filling of voids between the granules with plastic coal. 
Any further tendency to expand after the voids are filled must cause externa 
expansion or side thrust on the walls of the oven, and this is the effect 
it is desired to evaluate, If there were no voids (as with a solid block of 
coal), the total force of exonnsion would be exerted on the walls. With 
these considerations as a basis, and knowing the external expansion at a 
given density of charge, it should be possible to calculate the expansion of 
solid coal or the external expansion at any other density of charge. If the 
sum of the voids in the charge and the external expansion is calculated as ¢ 
fraction of the actual coal voluie, a value is obtained that represents the 
actual expansion of solid coal, This value is designated as E,, and the — 
equation for calculating from test results is EB, = V, (1 + Ey) ~ 1, where, 


V 


total volume of charge in cubic feet per 
cubic foot of solid coal at test conditions, 


E, = fractional expansion observed in the test. ° 

Tisure 17 shows test results obtained at various bulk densities for 
several coals plottcd against expansion of the solid coal, as calculated by 
the formula, The graphs are approximately parallel to the abscissa, as the 
should be if the exoansion of solid coal were independent of bulk density. 
The deviation from parallelism probably is due to variation of the conduct— 
ivity of the charge with bulk density; this would affect somewhat the rate 
of heating through the plastic range, and it has becn shown that expansion 
varies with this rate, It should be observed that all coals plotted in 
figure 19 expand in the solid state, Coal a52 is strongly contracting at 
normal densities of charging, | 

After tho coke is formed, at about 500° C., further heating to higher 
temperatures, as in a coke oven, causes it to shrink, and this shrinkege 
diminishes the effective external’ expansion wnder practical coking condi— 
tions. Figure 18 shows the linear shrinkage of coles from representative 
coking coals as a function of the maximum temperature of carbonization. 
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Distance from heated Maximum temperature 


wall, inches of coke at section, °C. 
0.67 945 
1.80 895 
2.94 815 
3.92 695 
9 
4.55 575 


Figure 19.— Cross sections of low-volatile coke from sole—heated oven. 
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fic:re 19 shows the increese in shrinkare cracks in sections of coke as 
tra oexirmm tempereture of cerbonization is increesed. 


Low-Tenverature Carbonizaticn of Suodtituminonrs Coals 


Low-tenpereture cerbonization esseys of e mmnber of subbituninous 
cals from Colorado were made at various temperatures in three small re- 
trrts. These retorts inclnced (1) a S0-eram Fischer assay retort, (2) a 


call, steel retort heated in the Fieldner electric furnace, and (3) a 
2nd, electric retort 4 inches in dianeter. 


Progressive heating to a predetermined termoeretvre and maintenance of 


that temperatvre until the rate of evolution of g-s was 20 percent of the 
everesge rate was used with ell three tyves of retort tests. The Fischer 
issay end emell steel retorts were heated to the meximm tenpereture in l 
tors the 5=pound retort was heated at an averace rete of 3.5° C. per 
timute, The letter test used sized coal, 1 to 1-1/2 inches. In this 


test, more than helf of the gae formed.in the early stages of decomposition 


is carbon dioxide, which first aopears at ebout 400° C. end then decreases 
teelily until it 1s less than 2 percent in the geses formed at 700° C. 

the heating value of the gas end its rate of evolution reach maxime when 
te retort hag a well tempereture of 600° C. The char shows oa smeller 


yield snd greater shrinkese up to 700° Cc. after 600° C. the char~breskege 
{niex remaine about the same... Tne results by the Fischer low-tenperature 
esseys have been peblished, 90/ : 


Carbonization of Sxbbituminous Coal in Curran=-Knowles Coke Oven 


Sezoleg of 2~ by 3- and 3= by 6—-inch lump subbituminous corl from the 
Gerhen Mine, Superior, Colo. were carbonized in test boxes under normal 
“ditions in the Curran-Knowleg sole-heated oven at West Frankfort, Ill. 
Ater cerbonizing, the chars were quenched with steem end weighed, end the 
oa of shrinkege within the boxes was determined. The chsrs were 
‘reered, submitted to a drop test of 3 feet on a concrete floor, and then 
TSecreened, The chars were then shipped in sealed containers to Golden, 
,°40., and screen analyses were mede to determine their degradation in 

5 ult. The chers were analyzed and their analyses compared with those 

co two sized samples of the coal originally shipped to Illinois for 


ercnization, The study shows that the coels dezrede to a smaller product 
“2 cerbonized at a high temperature. 


Hydrocenetion of Convl 


_ jenperature and pressure conditions for the hydrogenation of bituni~ | 
“ns Coal, the nature, importance, and industrial application of suitable 

S#alyste to bring ebout the desired:reactions, and the current outputs of 
~etious operating plants producing gesoline by corel hydrogenation have been 


’ 


=) farry, V. F., and Goodman, J. B., work cited in footnote 14, p,. 9. 
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summarized briefly, 2L/ This publication and earlier onesd2/23/ describe 
the hydrogen~production and coal-liquefaction units of the Bureau of Mines 
experimental coal<hydrogenation plant and the results of a hydrogenation 
assay of Pittsburgh—bed, Bruceton-mine coal. 


Data on Hydrogenation of Bruceton Coal 


Data on the effect of varying temperature show that the yields of 
material soluble in ben f e decrease and the losses as gas increase with 
increasing temperature, Tne limiting low temperature is determined by 
the time of contact desired and the viscosity of the heavy~oil slurry, 
wnich is formed as a result of hydrogenation, From a practical point of 
view, the heavy~oil siurry must not be too viscous for convenient discharg 
at 100° C,., and hence, if a lower tomperature than 420° C, were desired, a 
longer contact time would be necessary, The ratio of overhead oil (the 
volatile oil that distills over the top of the convorter) to heavy o11 pro 
duced increases with increasing temperature, In operation of the experi- 
mental plant for assay purposes it was desirable to adjust the ratio of 
overhead to heavy oil so that the amount of the latter would exactly equal 
the weight of vehicle mixed with the original coal, With a mixture of 
about 40 percent coal (ash— and moisture-free) and 56 percent vehicle, the 
ratio of overhead to heavy oil for 70 percent oil yield should be 1 to 2, 
In addition to varying this ratio by changing the average reaction tempera 
ture, a very exact control may be exercised by regulating the amount of 
heat put into the top section of the converter, which in turn would contro 
the amount of refluxing, In the later runs with Bruceton coal, it was 
found essential to add to the heavy~oil slurry about 30 percent of its 
weight of overhead oil, This was necessary to make up for handling and 
sampling losses and to thin the tarry heavy-oil slurry so as to facilitate 
centrifuging and subsequent pumping of the paste made with the centrifuged 
oil, Ina large plant, the handling losses would be Virtually eliminated 
and the sampling losses wovld be negligible, It is probable, therefore, 
that the addition of 10 to 15 percent of middle oil {oil that distills at 
an intermediate temperature above that of the overhead oil) to the heavy-— 
‘oil slurry will suffice to regenerate the pasting oil (oil that is mixed 
with pulverized coal before pumping the paste into the converters), This 
addition changes the ratio of overhead to heavy o1l necessary for complete 
regeneration of pasting oil from 0.5 to about 0,85, 


91] Storch, H, H,, and Fieldner, A. C., Coal Hydrogenation, U. S. Bureau 


of Mines Experimental Plant: Mech. Eng., vol. 61, August 1939, pp. 
605~611, | _ 

92/ Hirst, L. Le, Hawk, C. 0., Sprunk, G. C., Golden, Pe Le, Pinkel, I. 1. 
Boyer, R. L., Schaeffer, J, R., Kallenberger, R. H., Hamilton, H. A., 

and Storch, H. H., Liquid-Phase Hydrogenation of Pittsburgh Seam Coal: 

Ind, and Ing, Chem., vol. 31, July 1939, pp. 869~877. 

at Fieldner, A, C., work cited in footnote 24, p. 15.- 
Hirst, Le L., and others, work cited in footnote 92, above. 
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The wesult of increasing the contact time from 2 to 4 hours (decreas~ 
‘grate of pumping vaste from 7.25 to 3.8 pound per hour) at 440° ¢, is 
lower yields of oil and greator gas losses. For contact times less than 
soit le6 hour (9,2 pound vaste per hour) at 440° 6., this trend reverses 
‘self, so that shorter contact times result in lower yields of oil, al- 
‘cugh the gas Losses are still decreasing, The exact location of the 
wximm yield cannot yet be stated with accuracy, dut there is no question 
enerming its existence, The consumption of nydrogen increases with in- 
creasing temperature and time of contact. | 


Yo exact specifications can be given for optimum temperature and time 
afcontact. Thus, there is a fairly wide range of temperature in which 
‘se tine of contact may be adjusted so as to sive the same yield of oil 
ad the same viscosity of the heavy-oil slurry, Tnis range of temperature 
‘or Brueeton coal is approximately 420° to 440? C.3 the corresponding 
eatact-time range is 2.75-to 1.75 nours. At temperaturcs higher than 
00, a higher gas loss and lower yield of oil probably would persist, 
evm at the Limiting time of contact for obtaining a sufficiently fluid 
“cevysoil slurry. 


Asories of runs was made at 440° C,, 2 hours contact time, 3,200 
symds pere square inch pressure, and varying rates of recirculation of 
<drogen from zero to 400 cubic fect per hour (measured at atmosphoric 
wressuro), These runs showod that the effect, if any, of increased ro- 
t-rculation of hydrogen was very small, that is, within tho limits of roe- 
weducibility of the results. A ee conclusion has becn reached by 
i British Fuel Rescarch Station. : 


Baten Hydrogenation in Small Autoclaves 
Hydrogenation of Banded Constituents of Coal 


To obtain more information on the relationship between type or nature 
“coal and its hydrogenation characteristics, the Burcau of Mines has pre- 
tared and hydrogenated about 70 samples of varied rank and petrographic 
ccposition, The details of the experimental work on these samples are 
g-ven in publications now issued 96/5 » 98/, 99/or soon to be 


Great Britain Fuel Research Board, Report of tie Fuel Research Board 

for the Year Ended 31st March 1937, with Report of the Director of Fuel 

Hesearch: H,M,S, Office, London, 1937, pe 1556 

Fisher, 0, H., Sprunk, G, C., Eisner, A., Clerke, L., and Storch, H. He, 

Hydrogenation of the Banded Constituents of Coal. Fusaint Ind, and 

_, mS Chem,, vol. 31, February 1933, vo. 190-195. 

i/ Fisher, 0, H., Sprank, G. C,, Eisner, 4., Clarke, Le, and Storch, H. He, 
Hydrogenation of Spores, Resins, and Other Attrital Constituents of 

_ Gcals Fuel, vol. 18; May 1939, oo. 132-141, © 

</ Fisher, C. HL, Sprunk, G. C,, Bisner, A,, Clarke, L., and Storch, H. H., 
aydrogenation of Anthraxylon from Bituminous Coals: Fuel, vol. 18, 

.., uly 1939, pp. 196-203, 7 | 

zi Msher, C. H., Sprunk, G. C., Eisner, A., Clarke, L., and Storch, H. H., 

Hydrogenation of the Banded Constituents of Coal. Attrital Matter and 

Anthraxylont Ind, and Eng. Chem., vol. 31, September 1939, pPe 1155-1161, 
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published, 200/. 101/ 


The samples were carefully selected by hand, and their petrographic 
composition and purity were determined in all instances by microscopic 
examination of thin sections mounted on slides, Semon samples of fusain 
ranging from 88 to 93 percent carbon and 0.3 to 0.4 percent oxygen were 
separated by hand from 0,3-to O,5—cm, layers in the coal, Pure spores fron 
a Michigan high-ash coal, commercial lycopodium spores, and a spore—rich 
cannel coal were studied, Information regarding the hydrogenation behavior 
of oil algae was obtained with a boghead cannel coal containing a large pro 
portion of this material, Pure resins, one sample from a Utah coal and one 
from a Canadian coal, both of the extruded type, were hydrogenated, Thir- 
teen of the attrital samples contained considerable amounts of translucent 
attritus, whereas 13 others had large amounts of opaque matter. The anthra 
xylons included 14 samples from bituminous coals of eastern North America 
and 18 samples taken from peat, brown coal, lignites, and subbituminous coa 
of the western United States, Some of the bituminous and most of the low 
rank anthraxylons contained considerable amounts of cellular resin, 


To obtain comparable results, nearly all the experiments were made 
under the following standard conditions: One hundred grams of coal pulver- 
ized to pass through a 200—mesh sieve, 100 grans of tetrahydronaphthalene, 
and 1 gram of stannous sulfide were placed in a 1,2-liter 18 Cr-&Ni steel 
autoclave. Air was flushed out with nitrogen and hydrogen; then hydrogen 
was added until the pressure was 1,000 pounds per souare inch at 20° C, 
The temperature was brougnat to 4308 C, within about 1.5 hours and maintaine 
there for 3 hours, The autoclave was rotated on its longitudinal axis to 
provide agitation, Although more drastic conditions undoubtedly would have 
given higher yields with many of the samples, it was preferred to work witt 
these standard conditions because it was believed that comparatively mild 
conditions would be superior in revealing differences in hydrogenation be- 
havior of the various constituents, 


Owing to differences in quality and quantity of mineral matter in the 
samples, the conditions of hydrogenation were not always identical, For 
example, the mincral matter in the various samples might have exerted defi 
ite catalytic or anticatalytic effects, Moreover, the ratio of carbonaceo 
matter to vehicle and hydrogen varied somewhat with ash and moisture conte: 
However, those differences are of minor importance for comparisons of the 
amenability of the various coal conpeTeaenve to hydrogenation. 


Since the liquefaction of spores was virtually complete at 400° ¢ 
the standard temperature of 430° C, was not employed here, It was is 


100/ Hisner, 4., Sprunk, G. C,, Clarke, L., Fisher, C. H., and Storch, H. 
ee of Typical Splint Coals! Ind. and Eng. Chem., vol. 32, 
1940, PP. 13-78. 

101/ Hisner, A., Sprunk, G, C., Clarke, L., Fein, M. L., Fisher, 0. H., an 
Storch, H. H., Hydrogenation and Petrography of Some Low-Rank Coals f 
Western United States: Bureau of Mines Rept. of Investigations, 194C 
(In press), | 
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© = Bright coals with less than 10 percent opaque attritus 


4 = Spores 


e@ = Coals with more than 12 percent opaque attritus 
© = Coals with less than 12 percent opaque attritus 
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| | > = Resins 
# = Spore-rich cannel (16 percent opaque attritus) 
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Figure 21.- Yields of residue predicted from petrography. 


Figure 20.- Yields of organic residue and carbon content of sample hydrogenated 
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tet several anthraxylons also gave excellent yields at 400° C. Several 
entles that gave low licuefaction yields under standard conditions were 
wdroeenated under more favorable conditions, Some of the high-rank anthra- 
rin and splint samples were hydrogenated at 440° C, for 3 hours with an 
iritial (cold) hydrogen pressure of 1,800 pounds per square inch, A nun- 
ber of the lowe-rank anthraxylons that contained considerable amounts of cel~ 
lar resins were observed to give higher liquefaction yields at 400° C, 
‘than increased gontact time (6 to 9 Runa. 

Details of the metnods used in the separation and analysis of the 
ligid and solid products have been published, 102, 103/ Hydrogenation 
yields were calculated from the yields of insoluble residue. Since small 
~aipulative losses of the residue undoubtedly occurred, the yields re- 
verted are 2 or 3 percent high. These yields do not represent yields of 
cil, since, as is especially true for high-oxygen coals, water, carbon 
sloxide, gaseous hydro-carbons, ammonia, and hydrogen sulfide are formed, 
ad their total is an appreciable fraction of the "liquefaction" yield, 
‘though the criterion of liquefaction is arbitrary, since it is determined 
ty the amount of residue insoluble in tetrahydronaphthalene, acetone, and 
vexzol it is, nevertheless, satisfactory for the purposes of semiquantita-~ 
vive comparisons, 


The results obtained with fusain, with anthraxylons (vitrains) of dif- 
ferent ranks, and with the different components of the ne pte (spores, 
resins, oll algae, translucent attritus, and opaqye matter) are given in 
letail in the several papers cited LOLs, 105/ ’ 106/ >» LOl/ The nae seeee 
gives a comparative summary of the liquefaction yields, Figure 20, taken 
‘roa this paper, shows .the insoluble organic residue plotted against car- 
“on content (dry, ash—free), and thus gives a comparison of data obtained 
‘. samples listed in the legend of this figure. The liquefaction yields 
(190 minus the yield of insoluble organic residue) with these samples show 
‘sat appreciable liauefaction was effected in all cases, All of the seven 
soles of fusain were liquefied to an aporeciable extent; two.to about 25 
rercent, All of the samples of antnraxylon containing less than 89 percent 
cardon were liquefied in excellent yield — above 94 percent; those with 
“gher carbon gave lower yields. Coals with more than 12 percent opaque 


-2/ Fisher, C, H., Sprunk, G, 0., Bisne 

_.., Work cited in footnote 96, p. 53. | 

i}/ Fein, M. L,, Eisner, A., Cooper, H. M., and Fisher, C, H., Solubility 
Characteristic’ of Tars and Pitches Produced by Coal Hydrogenation. 
Determination of Insoluble Matter: Ind, and Eng. Chem., Anal. Hd., 

_m, Vole 11, August 15, 1939, pp. 432-438, oe 

-/ Msher, Cc. He, Sprunk, Ge C., Eisner, A., Clarke, Le, and Storch, He ae, 

me work cited in footnote 96, De 23° | | . | 

0)/ Fisher, C, H,, Sprunk, G, C,, Hisner, A,, Clarke, L,, and Storch, H, H., 

vac, Work cited in footnote 97, De 53. . | | 

29 Hsher, C. H,, Sprunk, G C., Eisner, A,, Clarke, L., and Storch, H. H., 

nq, “Tk cited in footnote 98, py 53 a | | 

vl Fisher, C, H., Sprunk, G. C., Hisner, A., Clarke, L., and Storch, H. H., 
work cited in footnote 99, p. 53. 
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attritus, most of them with &2 percent. or more of carbon, showed liquefac- 
tion yields up to 90 percent; coals with less than 12 percent opaque 
attritus gave liquefaction yields of more than 90 percent, Spores, resins, 
and the spore-rich cannel (16 percent opaque attritus) all gave liquefactior 
yields above 92 percent; the boghead cannel coal (30 percent opaque attritus 


gave {/ percent. 


The summary just given serves only in @ general way as a satisfactory 
means of predicting the liquefaction yield to be expected from samvle 
whose carbon content is known, Reference to the original paper e98/wiid 
show that the liquefaction yiclds from individual samples are affectod 
grcatly by the type and composition of the material present and by the ex~ 
perimental conditions of hydrogenation. Changes from "standard" to a spe~ . 
cial set of conditions more favorable for the individual sample may result 
in different yields, | 


Present State of Correlation between 
Petrography and Liquefaction Yields 


Coals frequently nave been classified as suitable or unsuitable for 
hydrogenation on the basis of carbon content. The success that might be 
expected from predicting vields of residue on the basis of carbon content 
alone is illustrated by figure 24, Apparently there is a rough correla- 
tion between carbon content and yield within the petrographic groups. It 
is interesting to note that there is also a rough relationship between the 
carbon and opaque attritus contents of these splint samples. fYusains and 
anthraxylons of the same carbon contents (about 90 percent) would be ex- 
pected, from figure 24, to give liquefaction yiclds of about 20 and 90 per- 
cent, respectively. Smaller differences in yield would be expected from 
anthraxylons and splint coals of equal carbon content. 


It is interesting to consider the facts responsidle for the partial 
success experienced in correlating hydrogenation yields with carbon conten! 
of the sample, usually a bright coal, For relatively homogeneous coals 
(bright coals), the carbon content, carbon—hydrogen ratio, volatile-matter 
content, etc., are fair indexes of rank or degree of coalification. Since 
amenability to liquefaction decreases with increase in rank and virtually 
disappears for carbonaceous matter of very high carbon content (fusinite), 
the importance of carbon content in predicting yields is easily understood 
The situation is much more complicated with the chemically hetrogeneous du 
or splint coals, For such coals the carbon content, being only an average 
value, may be.deceptive and, owing to the influence of’spores, resins, etc. 
may not reveal the presence of considerable amounts of fusain and opaquo 
attritus. The carbon—hydrogen ratio and volatile-matter content algo are 
not useful since they, too, are average valucs, Petrographic methods, 
however, are especially valuable for heterogeneous coals, since a quantitz 
petrographic estimate is possible of the constituents that differ widely -‘ 
hydrogenation behavior. 


108/ Fisher, C. H., Sprunk, G C., Eisner, A., Clarke, L., and Storch, 
work cited in footnote 99, pe 53. 
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Figure 22.- Rate of hydrogen consumption at various temperatures. 
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Figure 23.- Effect of time on oxygen removal. 
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licure 21 représengts a petrographic metnod of predicting yields, 202/ 
me yleld of residue. to be expected from the petrography was estimated by 
esming that the different constituents would give the following per- 
contage yields of residue: Ash and fusain, 100; opaque attritus, 38; all 
ther constituents, O, The yiclds predicted in this way are plotted against 
te determined yields (fige 21), Although far from satisfactory, this 
errelation of predicted and experimentally determined yields is interest— 
igand merits further stucy. 


Ween more data are available, it should be possible to predict yields 
wta moderate accuracy from tze rank and petrographic analysis of the coal, 
execially if the petrogranhic determinations can be improved with respect 
to both precision and scope, For example, it would be helpful to kmow the 
acnt of semiopacuc as well as opaque matter, or, better still, to have 
ie quantity of opacue mattcr and a mwacrical index of its average opacity. 
ize Tesults of such laboratory analyses and tests should be of considerable 
value in limiting the number of coal samples to be tested in a continuous 
plant assaying coals for comnercial hydrogenation, <A poor liquefaction 
wediction based upon either petrographic analyses or small autoclave 
sycrogenation tests is reason enough to reject a coal for continuous hydro~ 
sexation testing; but good prediction does not preclude the necessity of 
tests in the continuous plant, since physical factors are involved that 
cannot be evaluated or nredicted by petrogranhic or small autoclave tests, 


Rates and Mechanisms of Coal-Fydrogenation Reactions 


Some preliminary data have been reported on the rates of elimination 
of oxygen, nitrogen, and sulfur from Bruceton coal, il The same apparatus 
4 procedure described were used during the present year in obtaining data 
x tre effects of temperature and of rank of coal on the rates of consumption 
of kydrogen, removal of oxygen, and licuefaction of coal. 


7 4, Rate of Consumption of Hydrogen, ~ Figure 22 shows the rate at 
ith hydrogen is consumed at various temperatures, After a steep rise 


“ring the first hour, the curves of consumption of hydrogen versus time 
“ee series of virtually straight lines whose slopes show a temperature 
efficient of about 1.2 for a 10° C, temperature change, This rather low 
“erature coefficient indicates that the slow step involved in the rate 
o “drogen consumption probably is a diffusion process, The change in 
s.c3e of the 415° C. curve at about 9 hours may be cue to reversible hydro~ 
sation of wnsaturoted compounds, the equilibriun favoring saturation at 


Fisher, C. E., Sprunk, G. C., Eisner, A., Clarke, L., and Storch, H. ., 
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4o0° OC, but changing rapidly at higher temncratures in favor of the un- 
saturated molecules, The stecp rise during the first hour for all of 

tne curves of figure 22 may be due to the initial solution of hydrogen in - 
the liquid phase neccssary to reach the steady state involved in. the dif- 
fusion process. The latter may be the diffusion of dissolved hydrogen 
through a film covering the catalyst surfaces, 


B, Rate of Removal of Oxysen. ~ Figure 23 shows the rates at which - 


oxygen is removed at various temperatures, The rathcr abrupt changes in 
slope of these curves at about 4 hours, or 60 percent total oxygen removal! 
from the coal, might suggest a rapid first-order, thermal reaction follow | 
ed by a zero-order catalytic process that is obscured at tempcratures 
higher than 400° 6, by some secondary reaction that retards further eLimine 
tion of oxygen; however, a series of successive unimolecular reactions mizt 
give the types of curves shown in figure 23. 


Detailed analysis of the oxygen-removal curves shows that the initial 
reaction for temperatures above 370° C, is a decomposition of the coal sub- 
stance involving the elimination of oxygen. Except for the 385% 400° C, 
interval, the over all reaction that follows the initial thermal decomposi- 
tion has a negative tempcrature coefficient. The negative temperature co- 
efficient for the 370°~-385° C0, interval may bo due to the fact that at 
370° C, the initial reaction has not yet been completed at 8 hours reactior 
time, and hence comparison of the rates at 370° C, with those at 385° C 
is not valid at & hours; even at 12 hours the very low positive coefficient 
indicates | that the initial reaction is not yet completed at 370° C, Be- 
tween 385° and 400° the positive temperature coefficiont of a second reac- 
tion or group of reactions appears, These reactions may be catalytic in 
nature, involving adsorption of the reactants on a solid surface. Between 
400° and 415° C. this second reaction is largely obscured by condensation 
reactions, which result in tne production of molecules that are more stabli 
than the original coal substance and from which oxygen is eliminated at a 
very slow rate, 


CG, Rate of Liquefaction, ~ "Liquefaction" was measured by determining 
the amount of residue obtained upon centrifuging the tetrahydronaphthalenc 


solution of the product and subsequently washing the centrifuge residue 
with acetone and benzene. It is apparent, therefore, that by the term 
"liquefaction" is meant decrease in molecular weight until the products ar 
gaseous under normal conditions or dissolved by the treatment described 
above. <Any further decrease in molecular weight will not be evaluated by 
the percent liquefaction, 


Figure 24 shows the percentage of conversion of dry, ash-free coal 
into soluble material plus gases at various times and temperatures. Since 
the extent of liquefaction is independent of the rate of consumption of 
hydrogen and since, in nost instances, virtually all of the tetrahydronant 
thalene was recovered as such, the rate of liquefaction may be considered 
to depend only on the concentration of the coal substance, 
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Figure 24.- Effect of time on liquefaction yield. 
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It appears from an analysis of the rates that at least three processes 
are involved in the licuefaction process, namely: 


l, Solution or extraction of the coal substance, This is characterized 
ya low-temperature coefficient of about lee per 10° (1.5 per 15° C.), 
siby the fact that it eppvears to be the princinal process ocurring at 
tecveratures below 370° C, The limiting factor in this process is probably 
(as inmost solution processes) the diffusion of the dissolved material 
eey from the solute surfaces. 


2, Beyond 370° C, the tenperature coefficient for the initial reaction 
inreases rapidly to about 2.0 per 10° C,; the activation energy remaining 
61 (25) kg.—cale in the temperature range 370°-H15° C, This reaction 
is probably a thermal decomposition of the coal substance identical with 
“2 primary reaction involved in the elimination of oxygen and involving 
te rupture of carbdon-to-oxygen bonds. Immediately after tne production of 
cree radicals or unsaturated molecules by the thermal decomposition react- 
isn, most of these are saturated by catalytic hydrogenation, Those that 
ae not stabilized by nvdrogenation or by intramolecular rearrangement 
coxdine with each other and form a polymer more stabdle than the original 
coal substance, 


}. The anparent negative temperature coefficicnts that are found at §% 

ai l2 hours for temperatuircs above 370° CO, may be caused by the fact 

tat the "coal substance" is not a chomically pure matcrial and that its 
constituents (anthraxylon, translucent attritus, and opaque attritus) have 
dfferent first-order rate constants, Another possible explanation of 
ese necative temperature coefficients is the precinitation of polymers 
ommed by the condensation products of the initial thermal decomposition 
“I te coal, These polymers are more stable than the original coal, hence 
& Tate constants for their liquefaction would be smaller than for the 
ctiginal coal, At a temperature of about 440° C, and 180 atmospheres 
rressure of hydrogen, the rate of precinitation of these polymers excceds 
“erate of their liauefaction, hence increased amounts of residue appear, 
mich are commonly designated "coke", 


_ The absence of a positive temperature coefficient in the 3%5°-HOO° 6, 
‘terval at 8 and le hours distinguishes the liquefaction data from those 
-t elimination of oxygen. <A possible explanation of this is that the con- 
*ersation products forned in this temvcrature interval are fairly reactive 
80 far as elimination of oxygen is concerned, but their liquefaction rate 


is enough smaller than tact of the original coal to explain the negative 
ccelTicient, 


‘ The characteristic differences in the sloves of the curves in figures 
<<“, 23, and 2) show that there is no direct or simnle relationship between 


vat 
‘ove Of consumption of hydrogen and rates of removal of oxygen and of ligue- 
fection of coal, ; 
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